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ABSTRACT 
Teacher-Learner Interactions in a Hybrid Setting Compared to a Traditional Mathematics 
Course 
Alice Seneres 
The in-class learning environments of a traditional and hybrid mathematics course were 
compared. The hybrid course had half the face-to-face meetings as the traditional course; 
outside of class, the students in the hybrid section completed asynchronous online 
assignments that involved watching content-delivery videos. Moving the content delivery 
outside of the classroom for the hybrid format had an impact on the interactions between 
the students and the professor inside the classroom. Quantitative and qualitative analysis 
of verbal discourse determined that the hybrid class format reduced the amount of in-
class time devoted to direct instruction and increased the level of student discourse. 
Students assisted other students, had the freedom to make mistakes, and were able to 
receive personal guidance from the professor. The professor was able to address student 
misconceptions on formative assessments in class. Previous studies of the hybrid class 
model had focused on comparing differences in examination scores, GPAs, and pre- and 
post-test scores between the traditional and hybrid class model rather than comparing 
what is occurring inside the classroom. Quantifying what effect the shift from the 
traditional to the hybrid class model had on discourse inside the classroom is a first step 
towards confirming how the different methods of content delivery affects the in-class 
learning environment, and provides insight into certain pedagogic advantages the hybrid 
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Tools and technology have long had an influence on education and the classroom 
environment. The invention of the blackboard in the 1820s allowed pedagogy to shift 
from an oral focus to a written one (Cubberley, 2012). The entire class could focus on the 
blackboard for a lesson (Kidwell, Ackerberg-Hastings, & Roberts, 2008). With individual 
slates, students were able to work out computations on their own, and display their work 
to the teacher and classmates (Pelton & Francis Pelton, 2003; Johnson, 1904). 
The abacus, or numerical frame, was perhaps the first manipulative introduced to 
the classroom, and was used to teach young children mathematical operations such as 
counting, adding, and multiplying (Kidwell et al., 2008). Arithmetic was a valuable part 
of the early schoolhouse curriculum (Johnson, 1904), as the ability to perform arithmetic 
operations was considered important not just for those who would go on to work as 
merchants or shopkeepers, but for all to be able to “transact the common business of life” 
without being cheated or embarrassed (Bidwell, 1970, p. 5).  
Books themselves were at one time a new tool, as many classrooms lacked 
textbooks in the early 1800s. Students would bring to school the relevant textbooks (if 
any) that their families may have owned. This meant pupils in the same classroom would 
be using different texts. Fortunately, the 1850s brought a decrease in the cost of books 
(Louis, 2013) and an increase in availability (Elliott & Woodward, 1990). It became 
economically viable to purchase dedicated textbooks for specific classes. 
At the same time, long-distance communication was a technology that was just 
being developed, though by today’s standards it was quite slow. Nevertheless, distance 
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education emerged in the late 1800s as a way to increase access to education and training 
(Lever-Duffy, 1991). Correspondence courses conducted through the mail were offered 
for those who could not physically attend a course due to a job, family commitments, or 
living in a rural area (Caruth & Caruth, 2013). 
 Due to the political and military implications that emerged with the Soviet 
Union’s successful launch of Sputnik in 1957, a pressing need to address mathematics 
education nation-wide arrived. Out of national concern that students were falling behind 
in mathematics and science, the National Defense Education Act was passed by Congress 
in 1958 (Klein, 2003). Part of the reform involved creating a coherent discourse and 
structure that would prepare students well for university-level mathematics (Kilpatrick, 
1997). As computers and calculators became more commonplace, they were being 
incorporated into the classroom at all levels of mathematics. The National Council of 
Teachers of Mathematics (NCTM), in its Agenda for Action, declared that students 
should have access to calculators and computers throughout their school mathematics 
program, and their use should be integrated into the curriculum (NCTM, 1980). 
 Computers were initially isolated machines, but the advent of the Internet and its 
growth and popularity in the late 1990s changed the nature of their use (Coffman & 
Odlyzko, 2002), paving the way for another tool in education. Physical textbooks were no 
longer the only references available for students. Suddenly a wealth of resources – 
including websites, videos, and e-books – were available any time, day or night, by 
conducting a simple search online.  
 Though ‘distance education’ used to rely on postal mail, the arrival of the internet 
meant that once again technology could offer opportunities for learning beyond the 
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regular classroom (Natriello, 2005). As email, websites, and internet access proliferated, 
a new trend in education was that learning began to move online (Natriello, 2007). 
Need for Study 
It is becoming increasingly common at the college level for mathematics courses 
to be offered with an online component (Plath, 2006). The emerging “hybrid” course 
format involves reducing the number of face-to-face class meetings. In exchange for this 
reduction of in-person class time, the students complete an online assignment – often 
asynchronously watching a content-delivery video and working on some introductory 
problems on their own - before the next in-person class meeting. 
Logistical advantages are inherent in a hybrid course format. Students have a 
more flexible schedule, the need and cost for classroom space is reduced, there can be 
more consistency in content delivery across a course that offers many sections taught by 
different instructors (Gould, 2003). This class format does have some potential 
drawbacks; students may enroll who do not have the self-discipline required to keep up 
with watching the vidoes, but are interested in the class mostly because it only meets 
once a week. Though the hybrid format can easily appear to reduce the workload of the 
professor or make the course easier to teach since the content delivery is already 
assembled in the videos, this format can be more demanding of the professor and require 
greater mastery of the content that the traditional format. The in-class time is no longer a 
scripted lecture, but requires the professor to be able to quickly diagnose a student’s 
misunderstanding or current level of knowledge and ask guiding questions to clarify the 
content.   
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Perhaps the most important possible benefit of such a course format is 
pedagogical. The majority of university courses are taught with lecturing as the 
predominate mode of instruction (Freeman, 2014; Handelsman, et al, 2004; U.S. 
Department of Education, 2001), as lectures can convey large amounts of information to 
listeners. With the lecture format, content dissemination occurs inside the classroom and 
is teacher-directed, with the information being transmitted to the students (Graham, 2006; 
Harasim, 1996). The students, who are listening and taking notes, have a more passive 
role than the lecturer (Cashin, 1985). With the hybrid model, course content is delivered 
to students asynchronously outside of class, often in the form of online videos (Bergmann 
& Sams, 2012; Foertsch, Moses, Strikwerda, & Litzkow, 2002; Moore, Gillett, & Steele, 
2014). Content dissemination is self-paced and directed by the student (Graham, 2006). 
Students have the option to pause, rewind, or rewatch the videos (Foertsch et al., 2002). 
Moving the content delivery outside of the classroom may have an important 
impact on what occurs inside the classroom. Face-to-face class time no longer has to 
focus primarily on the professor lecturing to the students to disseminate course content. 
Instead, students can work on problems and tasks together in the classroom. Such 
interaction can create a more active learning environment, and professors can give more 
personalized support to the students (Moore et al., 2014; Tucker, 2012). 
Many anecdotal reports indicate that the hybrid class format does successfully 
reduce the amount of direct lecturing, and increases the amount of student engagement 
(Bergmann & Sams, 2012; Berrett, 2012; Caulfield, 2011; Moore et al., 2014). However, 
up until this point, such anecdotal reports have not been quantified. Studies have focused 
on comparing outcomes such as course grades or pre- and post-test performance between 
5 
 
the traditional and hybrid class model rather than analyzing and comparing what is 
occurring inside the classroom. 
Quantifying what effect the shift from the traditional lecture to the hybrid class 
model has on discourse inside the classroom would be a first step towards confirming 
how the different methods of content delivery affect in-person class time. By studying the 
face-to-face class meetings, insight might be gained into certain pedagogic advantages 
the hybrid format may offer. 
Purpose of Study 
The purpose of this study is to examine how the shift from a traditional classroom 
to a hybrid format affects the classroom interactions that occur during the face-to-face 
meetings. Currently, the majority of mathematics classes taught in the traditional in-
person format rely heavily on the direct instruction model of pedagogy (Bergsten, 2007; 
Spring, Stanne, & Donovan, 1999). Moving the dissemination of course content to videos 
viewed outside the classroom may have an impact on the in-person classroom discourse 
and learning environment. The research questions that this study will seek to answer are: 
1. How does the nature of in-person student-to-instructor and student-to-student 
discourse compare between the hybrid versus traditional format of a college 
mathematics course? 
2. How does the nature of the in-person direct instruction differ between the 
hybrid course and the traditional course? 
3. How does the level of mastery on homework and examination questions 




Procedure of Study 
This study was conducted at a large, urban research university, and involved two 
sections of the course “Topics in Mathematics for Liberal Arts”. The course, with a pre-
requisite of elementary algebra, was designed for students who do not need calculus for 
their majors. These students are not pursuing STEM majors, so often do not have a strong 
background or interest in mathematics. Normally, fourteen sections of this course run in 
the traditional format every semester; for the spring semester of 2015 one of these 
sections ran in a hybrid format. 
The section of the traditional course involved in this study met for two 80-minute 
periods per week, and had twenty-nine students enrolled. The hybrid course met for one 
80-minute face-to-face period per week, and in addition the students watched online 
videos of new material. Students in the hybrid course took a quiz at the beginning of each 
in-person class meeting to ensure they watched and understood the material presented in 
the video. Twenty-two students enrolled in the hybrid section. Both sections were taught 
by the same professor, who was the course coordinator. 
Audio recordings were made of seven face-to-face class meetings for both the 
hybrid course and the traditional course. The Flanders Interaction Analysis categories 
system (FIACS) was used to analyze the recordings by categorizing discourse (Flanders, 
1970). Every three seconds, discourse was categorized into Teacher Talk-Indirect 
Instruction, Teacher Talk-Direct Instruction, Pupil Talk, and Silence. The categories 
within Teacher Talk-Indirect Instruction were: Accepts Feelings, Praises or Encourages, 
Accepts or Uses Ideas of Pupils, and Asks Questions. The categories within Teacher 
Talk-Direct Instruction were Lecturing, Giving Directions, and Criticizing or Justifying 
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Authority. The categories within Pupil Talk were Pupil-Talk Response and Pupil-Talk 
Initiation. The final two categories were Silence and Quiz. 
To help answer the first research question, the percentage of student discourse 
(Pupil-Talk Response and Pupil-Talk Initiation) as well as the type and quality of student 
discourse was compared between the hybrid course and the traditional course. 
The second research question involved comparing the percentage and quality of 
instructor discourse that was categorized as Teacher Talk-Direct Instruction between the 
hybrid course and the traditional course. A more active learning environment tends to 
have less professor discourse; the majority of professor discourse that does occur 
involves Teacher Talk-Indirect Instruction. The percentage and quality of instructor 
discourse in these categories was also compared. 
The hybrid course and traditional course had identical homework assignments and 
examinations. The examinations were graded solely by the professor, who was the same 
for both the hybrid and traditional course. The homework was graded by undergraduate 
students hired as graders for the course; they were graded according to a rubric provided 
by the course coordinator and were unaware of this research project. For the third 







  Course Formats 
The four main formats for college courses are the traditional, the online, the 
flipped, and the hybrid format. Colleges and universities exclusively used the traditional 
course format for centuries, yet with the advent of the internet, many schools began 
offering online courses. 
Online Courses 
The definition of an online course is one where the majority of the content is 
being delivered online with no in-person meetings (Allen & Seaman, 2006). This course 
format essentially takes the entire classroom experience out of the classroom, and puts 
the learning environment online (Bonk & Graham, 2006; Picciano & Dziuban, 2007). 
Learners no longer interact with each other face-to-face, but through different forms of 
electronic communication (Nicol, Minty, & Sinclair, 2003). The instructor and students 
have different possible modes of interactions, such as discussion forums, videos, and chat 
rooms. The instructor establishes the method and frequency that the communication will 
occur, and acts as both a moderator of the content and a guide to learning. 
Blended Learning 
In the past decade, “blended learning” class formats that combine the traditional 
and online approaches together have emerged (Bergmann & Sams, 2012). These formats 
rely on both technology and face-to-face class time (Bonk & Graham, 2006). The specific 
blending of the two formats can take many forms, including combining web-based or 
instructional technology as well as various pedagogical approaches (Driscoll, 2002).  
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Flipped class format 
The flipped class format involves no reduction in the face-to-face class time. It 
differs from the traditional class in the work that students do outside of the classroom for 
homework. Content dissemination, normally covered in class, is done at home to prepare 
for the in-person class. The flipped class format can enable instructors to spend in-person 
class time on collaborative activities, which in turn can promote better conceptual 
understanding (Bishop & Verleger, 2013). The flipped class format has been used in 
many STEM subjects in higher education. In a study involving a university mathematics 
course, student test results were higher in the flipped format course compared to the 
traditional format course, particularly on conceptual examination questions (Quint, 2015). 
Hybrid course format 
Hybrid courses are defined as courses that have a reduced number of in-person 
class meetings in exchange for additional work outside of the classroom (Caulfield, 2011; 
Young, 2002). Colleges across the country have been using this course model to teach 
many subjects, including mathematics (Tucker, 2012). 
 Yet though the defining trait of a hybrid class is that it meets in person less 
frequently than a traditional class, this alone is not what makes the two course formats so 
different. A salient difference between the hybrid and traditional course model is how the 
course content is being delivered to the student. In the majority of traditional courses, 
lecturing is the primary instructional method (Livingston, 2001). Content delivery occurs 
inside the classroom, where it is a teacher-directed, live, synchronous environment 
(Graham, 2006). Students in a lecture listen and take notes as knowledge that is external 
to them is transmitted (Harasim, 1996). 
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With the hybrid model, course content is delivered to students asynchronously 
outside of class, usually in the form of online videos (Bergmann & Sams, 2012; Foertsch 
et al., 2002; Moore et al., 2014). Moving the content delivery into a video format affects 
both how the content is presented and how the student utilizes the method of content 
delivery. Learning is inherently self-paced, asynchronous, and involves interaction 
between the student and the learning materials (Graham, 2006). Literature has shown that 
the pace of the videos is often significantly faster than a traditional lecture (Foertsch et 
al., 2002). This faster pace is accepted by students because they can make use of options 
available with the videos that are not possible with live lectures, including stopping the 
video to take notes, rewinding a lecture in the same sitting to clarify a point, and 
rewatching the videos (Quint, 2015; Foertsch et al., 2002; Day & Foley, 2006). An exit 
survey given to students enrolled in an upper-level management information systems 
course where content was disseminated by videos showed the videos were of significant 
value to the students, with more than 75% of the students selecting “strongly agree” or 
“agree” that the videos were an important learning resource (McCray, 2000). 
Research has also examined how the hybrid course format may affect student use 
of other resources. A high-enrollment biology course was taught in the traditional and 
hybrid format. With the traditional format course, the majority of students reported either 
never using their textbooks or only using them before an exam. For the students taking 
the hybrid version of the course, over 80% of them reported using their textbooks at least 
once or twice a week (Riffell & Sibley, 2005). A different study collected course website 
interactions through the course management system Blackboard for students enrolled in a 
hybrid, online, or traditional format of an Introduction to Educational Psychology or 
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Introduction to the Health Care Delivery System course. Students in the online format 
had the highest rates of interaction with the course website, and no difference was found 
in the amount of interaction with the course website between traditional and hybrid 
course sections (Reasons, 2005). 
Inside the Hybrid Classroom 
 Though much emphasis about the hybrid course model has been placed on the 
videos that are delivering the course content outside of the classroom, technology is not 
the sole focus of the hybrid format (Caulfield, 2011). If a hallmark difference between the 
traditional and hybrid model is how information is being disseminated to students, a key 
outcome of this difference is how the in-person class time can now be spent. Because the 
content delivery has been moved outside of the classroom, the focus of the face-to-face 
class time is no longer to disseminate course content. Instead, the students can work on 
problem and tasks in the classroom, which can create a more active learning 
environment. 
Bergmann proposed using mastery learning in the classroom, where students learn 
a series of objectives at their own pace (Bergmann & Sams, 2012). Other literature is not 
specific about what active learning framework to use to foster student engagement or 
collaborative learning inside the hybrid or flipped classroom; the in-class time is 
described with statements like “Students take turns going to the board to present their 
answers or working in groups” (Berrett, 2012, p. 38) or “Students performed some group 





Active Learning Theory 
A broad definition of active learning is it involves introducing activities in the 
classroom that actively engage students in the process of learning (Bonwell & Eison, 
1991; Hake 1998; Prince, 2004) rather than listening and note-taking that are common to 
lecture-style classes (Freeman et al., 2014). A meta-analysis of 225 studies examining 
failure rates and examination scores in STEM courses using traditional lecturing or active 
learning showed that an active learning environment increases examination scores and 
reduces the likelihood of failing (Freeman et al., 2014). Because there are significantly 
different ways for students to be engaged in an activity, active learning is a very broad 
learning theory. 
How People Learn Framework 
 The How People Learn (HPL) framework was developed based on cognitive 
science research (Bransford, 2000).  The HPL provides a framework for active learning 
environments with four interdependent aspects: assessment, community, knowledge, and 
learners (Figure 1). 
 
Figure 1. How People Learn perspectives on learning environments (Bransford, 2000) 
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 In an assessment-centered environment, students receive feedback about their 
work to better understand what they need to focus on. Formative assessments, which can 
be informal, occur frequently in order to provide students with the opportunity to improve 
and progress with the content. The teacher provides scaffolding to the students with the 
ultimate goal of them being able to complete the steps themselves 
In a community-centered classroom environment, students learn from one 
another. Making mistakes is viewed as part of the learning process, so students are given 
the freedom to be incorrect or give the wrong answer as they learn (Cobb, Yackel, & 
Wood, 1992). 
Knowledge-centered environments involve the information needed for students to 
develop an understanding of the subject. Activities the develop this understanding 
reinforce this environment. Metacognition plays an important role in a knowledge-
centered environment, with students ensuring the information makes sense and reflecting 
on when it does not. 
In learner-centered environments, also known as “diagnostic teaching” (Bell, 
1993), teachers monitor student progress individually and act as facilitators to provide 
personalized guidance. Students working together in class is the norm rather than the 
exception (Doyle, 2008), and they learn to detect and then correct misconceptions in both 
their own work and in their peers’. Learning involves becoming a member of a certain 
community; to belong one must be able to communicate in the language of this 
community (Sfard, 1998), so students learn to use discipline-specific terminology. Unlike 
a teacher-centered environment, students have some flexibility over what they will learn. 
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Learner-centered environments can involve many aspects of active learning, including 
collaborative learning, cooperative learning, and peer-assisted learning.  
With collaborative learning, students work together in small groups for the 
common goal of learning something together. The roots of collaborative learning can be 
traced to Piaget’s theory of cognitive conflict, where conflict arises during discussions 
and students can realize there is a different perspective that does not fit into their current 
way of thinking (Tudge & Rogoff, 1999). Students evaluate the group’s ideas, ask each 
other questions, and examine each other’s work (Chiu, 2000).  
With cooperative learning, students also work together for a common goal but are 
assessed individually; in this manner, learning is promoted through cooperation rather 
than competition (Millis, 2010). Cooperative learning is based on Vygotsky’s zone of 
proximal development, where learners can progress beyond what they can do without 
help through problem solving in cooperation with peers or under adult guidance. There is 
a spectrum of cooperation, from people in a group working independently at one extreme 
to completely cooperating at the other end of the spectrum (Stodolsky, 1984). Between 
these two extremes of individual work and complete cooperation, students may show 
each other their work, and explain to each other their reasoning behind what they did. 
There are five types of work groups (Figure 2). 
Completely Cooperative Common end or goal 
Common means and activities 
All members expected to interact-contribute 
Joint product evaluated 
Cooperative Common end or goal 
Some divided activities or tasks 
All members expected to interact-contribute 
Joint product evaluated 
Helping Obligatory Individual goals 
Interaction required, helping from any member 
to any other member 
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Each individual evaluated 
Helping Permitted Individual goals 
Interaction as desired from any member to any 
member 
Each individual evaluated 
Peer Tutoring Help in one direction from tutor to tutee 
Tutee work evaluated 
Figure 2. Typology of face-to-face instructional groups in classrooms (Stodolsky, 1984) 
When students work together on problems inside the classroom, they are involved 
in peer-assisted learning. Peer-assisted learning is a subset of active learning that can 
include both cooperative and collaborative learning. Peer-assisted learning is defined as 
people, who are equals, acquiring knowledge by actively helping each other learn and 
supporting one another, and though this process learning themselves (Topping & Ehly, 
1998). Research has shown that when students discuss questions with their peers it 
enhances their understanding, even if none of the students in the discussion originally 
know the right answer (Smith et al., 2009).  
It is possible to have certain elements of collaborative learning in a teacher-
centered setting such as a traditional lecture, though some common conditions will often 
preclude it. These conditions include not very much time being provided for students to 
discover why his or her views are different than others, and the teacher ending this 
conflict between ideas by summarizing the ‘right’ view (McKinley, 1983).  
Working together in the classroom in a collaborative manner may affect students’ 
habits outside of the classroom. In a high-enrollment biology course, 43% of students in 
the hybrid section compared to 29% of the students in the traditional section reported that 
they asked other students for help outside of class several times during the semester. 
When asked to report if they had worked or studied together outside of class several 
times during the semester, only 18% of the students in the traditional format had, 
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compared to 40% of the students in the hybrid course. It is important to note that despite 
these results, students in this hybrid course also experienced more isolation, with 53% of 
the students never contacting other students for help outside of class, compared to 43% in 
the traditional course. In addition, the hybrid course had 56% of students report never 
studying in groups, compared to 44% in the traditional course (Riffell & Sibley, 2005). 
Potential peer collaboration aside, an additional benefit to having students work 
together on “homework” problems in class is the support the professor can give. Often 
students have questions about the material not when they are learning it, but when they 
are trying to apply what they have learned. As Foertsch notes, “It is only in doing 
homework problems, either for an assignment or in preparation for an exam, that most 
students are suddenly made aware of what they do and do not understand.” (Foertsch et 
al., 2002, p. 268) When homework is done at home, a student has limited options for 
assistance; however, when these questions arise in the classroom, the professor is present 
to provide guidance (Berrett, 2012). Professors can give students individual attention, and 
are able to better understand their thinking and reasoning, and clear up misunderstandings 
(Moore et al., 2014; Tucker, 2012; Crouch & Mazur, 2001). Students have reported that 
an advantage of the hybrid model is that “Face-to-face sessions offered more 
personalized attention” (El Mansour & Mupinga, 2007, p. 247). Though this is noted in 
several studies, these reports are anecdotal, and have not yet been quantified in a research 
study. 
Learning Outcomes of Hybrid and Traditional Format Classes 
Ultimately the goal of any course is to have good learning outcomes, and several 
studies have measuring learning outcomes for hybrid courses. One study comparing the 
17 
 
hybrid and traditional format of a biology course with the same instructor for both 
formats have shown that students in the hybrid format scored nearly 10% higher on a 
post-test than their peers in identical course running in the traditional format (Riffell & 
Sibley, 2005). A study skills course taught in both a hybrid and traditional model showed 
that students taking the course had a bigger improvements in their semester GPA when 
compared to previous semesters than students who were not enrolled in the course, and 
the students taking the hybrid version had a bigger increase in GPA improvement than 
those in the traditional format (Tuckman, 2002). However, not every study has shown 
better outcomes in the hybrid format. The study involving the Introduction to Educational 
Psychology or Introduction to the Health Care Delivery System courses showed students 
in the online-only section had stronger final course grades that those in the traditional and 
hybrid sections, with no difference between the traditional and hybrid sections (Reasons, 
2005). Tests were in multiple-choice format, with the questions selected from the 
publisher’s test bank. In the traditional section, the course ran with in-person lectures and 
discussions; students also had individual and group assignments. With the online format, 
lectures were video-streamed and coursework involved discussion forums, group 
assignments, and individual projects. The hybrid format involved seven or eight in-
person meetings; students did group work both online and in class. Examinations were 
administered online.  
Measuring Differences inside the Hybrid and Traditional Classrooms 
The hybrid format blends in-person and online learning, and it is important, as 
stated by Osguthorpe, “to ensure that the blend involves the strengths of each type of 
learning environment and none of the weaknesses.” (Osguthorpe & Graham, 2003, p. 
18 
 
228.) A primary motivation of the hybrid course format is to reduce the amount of direct 
instruction (a weakness) and increase the amount of student engagement (a strength), and 
many anecdotal reports indicate that this is happening (Bergmann & Sams, 2012; Berrett, 
2012; Caulfield, 2011; Moore et al., 2014). However, though first-hand accounts are 
important, teachers may not have completely accurate awareness of their behavior, and 
observations should be validated with an objective measurement (Withall, 1972). 
Therefore, it is important to measure if the hybrid course model creates a learning 
environment with less direct instruction and more active and personalized learning than a 
traditional course. 
An extensive literature review of observational studies has not shown a case 
where the amount of direct lecturing or student engagement has been quantified and 
compared between the hybrid and traditional model.  As Moore noted, “We found little 
specific information on critical features for implementing the flipped classroom and even 
less research investigating whether the model actually afforded more class time to engage 
with students.” (Moore et al., 2014) Perhaps this is not surprising, since “Data obtained 
from direct observation of classroom interaction are seldom collected and analyzed.” 
(Rosenshine, 1970, p. 279). Up until this point, research has not focused on quantifying 
and comparing what is occurring inside the hybrid and traditional classroom. Instead, 
studies have focused on measuring outcomes that occur as a result of that difference. This 
study seeks to determine how the hybrid format affects the in-person learning 
environment. 
 To understand how the shift to a hybrid format affects the in-person learning 
environment, the quantity and quality of in-person discourse will be a focus of this 
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research. Verbal discourse was chosen because this study focuses on the in-class (as 
opposed to online) learning environment, and the nature of verbal discourse is present in 
all four perspectives of the How People Learn framework: learner, knowledge, 
community, and assessment. Assessment is also considered through the structure of the 
examinations and homework assignments, as well as the students’ performance 
throughout the semester. 
Quantifying Discourse 
Flanders Interaction Analysis Categories (FIAC) system 
 There are two classes of observation instruments: category systems and sign 
systems (Boyan & Copeland, 1978). With a sign system, a specific behavior is identified 
and its occurrence is noted; all other behaviors are not noted or captured. With a category 
system, one type of behavior, such as verbal, is identified and all behaviors of that type 
are captured. The categories are comprehensive and mutually exclusive; any behavior of 
the target type will be recorded, and will be recorded in only one category (Garland & 
Shippy, 1995). 
Because the target behavior is objective, such as a teacher asking the class a 
question, rather than high-inference, such as enthusiasm, category systems are considered 
low-inference instruments (Rosenshine, 1970). For this reason, category systems are 
often chosen in educational research. Most category systems are one-factor systems 
where the only factor of the behavior being recorded is the frequency. 
 In order to measure the amount of direct lecturing and student engagement in 
class, the Flanders Interaction Analysis Categories (FIAC) system, a one-factor category 
system that focuses on verbal interactions as the target behavior, was selected (Flanders, 
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1970). This system is a validated and easy-to-use instrument that has been used for 
decades in many education research studies examining teaching behavior (Lyon et al., 
2014; Wragg, 2013). 
With the FIAC system, every three seconds of verbal discourse is categorized. 
There are 10 categories of verbal interaction; these categories include all possible verbal 
events in the classroom, and are mutually exclusive. The FIAC system is based on the 
distinction between direct and indirect teacher influence in the classroom. Indirect 
categories are categories one through four, which include acceptance of student feelings, 
praise, using or accepting student ideas, and asking students questions. Direct teacher 
influence, including lecturing, giving directions, and justifying authority, are categories 
five through seven. Student verbal behavior is captured in categories eight and nine, 
which are student response to a question and student initiation. Category 10 is for periods 
of silence or confusion. Category 11 is for when students are taking a quiz; the addition 
of this category to differentiate between the two types of silence is permissible with the 
FIAC system (Flanders, p. 50).  
The number of occurrences in each category can be summed up, and the 
percentage that each category occurs in the classroom during the class period can be 
calculated. In this way, direct comparisons can be made between different class meetings 
and different class formats. The hybrid format is seeking to decrease the direct influence 
of the teacher in the classroom, and increase both the teachers’ indirect influence and 









This study focused on two sections of the university mathematics course Topics in 
Mathematics for Liberal Arts. The same professor taught both sections; one ran in the 
traditional format and the other ran in a hybrid format, the first time the university’s 
mathematics department offered a hybrid course. The professor teaching the courses for 
this study was not the researcher. 
This particular course was chosen due to the willingness of the course coordinator 
to oversee and teach the class in its hybrid format. The professor had considered offering 
the ‘flipped’ format, where there was no reduction in course time but the course content 
is delivered through video, before deciding the hybrid format would also allow the 
possibility of reducing direct instruction while providing other benefits such as ease of 
scheduling for both students and instructors. The hybrid format section had 22 students 
enrolled, and the traditional format section enrolled 29 students. The online course 
registration system that students used to enroll showed that the hybrid format would only 
meet once a week and had the designation “Hybrid section”, but did not know further 
details about the section and the format until the first day of class.  
The hybrid format consisted of half the traditional in-class meetings, meeting for 
only one 80-minute period a week, rather than two, for the fourteen weeks of the 
semester. In exchange for the reduction in class meetings, students watched asynchronous 
online videos on new material and worked through introductory homework problems due 
before the start of class. Every class meeting then began with a short closed-book quiz to 
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encourage diligence in watching the videos and understanding the concepts being 
presented. During each weekly in-person class meeting, students would work together on 
additional questions, which they then wrote up and handed in as homework within three 
days of the class meeting. The professor would circulate through the classroom to address 
student questions as they worked on the problems. The traditional students were assigned 
the same questions but worked on them exclusively outside of class.  
The traditional section of the course met for two 80-minute periods a week for the 
fourteen weeks of the semester. For the traditional section involved in this study, students 
took a quiz at the end of class on the material of the lecture that day. Students had access 
to their notes during these quizzes. The professor assigned the same homework questions 
to the traditional class as to the hybrid class, with the problems being due after the 
material had been presented in class. 
The course Topics in Mathematics for Liberal Arts introduces how mathematics is 
applied in different real-world contexts. It focuses on different areas where mathematics 
is concretely applied, including the mathematics of voting, the measurement of power, 
apportionment, fair division of goods, fair distribution of goods, and exponential growth 
in nature and finance. Specifically, students learn how to use different voting methods to 
rank candidates, determine winners of elections, and determine if an election violated 
specific fairness criterion. Students also analyze the amount of power different players 
have in weighted voting systems, apply the different apportionment methods used 
historically for Congress, learn different methods for dividing goods fairly, and compute 
the future value of assets as well as applying the notion of exponential growth to non-
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financial contexts. The majority of students who take the Topics in Mathematics for 
Liberal Arts course are majority in liberal arts or a discipline of social science. 
The professor who taught both sections of the course for this study had been 
teaching the course as well as serving as course coordinator for eight years. The professor 
earned extremely high scores on student surveys every semester, and had been 
recognized with an award for his significant contributions to undergraduate education. As 
course coordinator, he shaped the course content and hired and oversaw course 
instructors. He, along with this researcher, co-wrote an open-source textbook for the 
course that was available at no charge to all students enrolled in the class. The textbook 
was divided into chapters: each chapter covered the course content at length with 
example problems interspersed. The end of each chapter had many practice problems 
with answers provided, as well as the homework problems that were assigned for the 
course. 
The professor approached the department about offering this course in the hybrid 
format, and he worked closely with the university’s Office of Instructional and Research 
Technology to develop the hybrid model for the Topics in Mathematics in Liberal Arts 
course. The professor himself created the videos for the hybrid format. The videos were 
many short clips between 3 minutes and 7 minutes in length; the students were assigned 
approximately 60 minutes of videos to watch each week. The student did not see the 
professor during the video, the camera was solely trained on slides that the professor used 
technology to annotate. Because he had control over the content of the textbook and of 
the videos, as creator of both, he could ensure that the vocabulary and approaches used 
aligned completely between the two resources. Though the professor had technology 
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support to create these videos, he did not have any content support or ‘coauthor’; he alone 
wrote and filmed the content in the videos.   
Having one professor teach both the traditional and the hybrid section involved in 
this study provided consistency between the two formats; it also created the possibility 
for professor bias as the professor was aware of this research project. In addition, if the 
hybrid format was successful, this professor, as the course coordinator, would have the 
authority to increase the number of hybrid sections being offered. It is worth noting this 
project was designed after the research discussed the professor’s motivations for offering 
a hybrid course and results of the study were not disclosed to the professor until after the 
semester ended. Much of the behavior of the hybrid course (such as less direct 
instruction) was in line with the professor’s original vision of the course. Though it was 
possible the professor could have scored the hybrid students higher unintentionally when 
grading, to reflect his own desire for the hybrid format to be a success, the results showed 
this to be unlikely. An examination of the homework and examination scores revealed a 
consistency both to when scores were similar, and when they were significantly different, 
that were not indicative of professor bias.  
Verbal Interactions 
Audio recordings captured the verbal interactions in seven, face-to-face lectures 
for the hybrid section and seven face-to-face lectures for the traditional section. A 
microphone placed in a central location recorded the professor’s discourse as well as the 
students’ questions or responses. The microphone would have been muted if a student 
who had not consented to be audiotaped spoke; however, all students provided voluntary 
written consent to be recorded. 
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The hybrid class often broke into six or seven groups of two to four students for 
group work. Students themselves formed the groups and decided with whom they wanted 
to work. Audio recordings captured the verbal interactions of two groups in the hybrid 
section during the semester; one group per class meeting was recorded on an alternating 
basis. With only three males in the class, the researcher picked one group that included a 
male. That specific group was chosen because he was the only male to attend class on the 
first day of audio-recording and he did not previously know his groupmate; four classes 
were recorded with this group, referred to as Group B. The other group was all-female 
and chosen because it also involved two students, and those students also did not know 
each other before the class started, as familiarity with each other could affect in-class 
interactions. Three classes were recorded with this group, referred to as Group A. The 
traditional class did not break into groups during any of the seven classes that were 
audiorecorded.  
Coding of Verbal Interactions 
 The Flanders Interaction Analysis categories system (FIACS) was used to 
categorize classroom discourse (Flanders, 1970). The discourse was categorized, every 
three seconds, into one of eleven categories (Figure 3). The category system was totally 
inclusive, all verbal events were classified, so conclusions can be drawn about the 
proportion of class time spent in specific categories. Flanders recommends at least 400 






1. Accepts feeling. Accepts and clarifies an attitude or the 
feeling tone of a pupil in a nonthreatening matter. Feelings 




















2. Praises or encourages. Praises or encourages pupil action or 
behavior. Jokes that release tension, but not at the expense of 
another individual; nodding head, or saying “Um hm?” or “go 
on” are included. 
3. Accepts or uses ideas of pupils. Clarifying, building, or 
developing ideas suggested by a pupil. Teacher extensions of 
pupil ideas are included but as the teacher brings more of his 
own ideas into play, shift to category five. 
 4. Asks questions. Asking a question about content or 
procedure, based on teacher ideas, with the intent that a pupil 
will answer. 
Initiation 
5. Lecturing. Giving facts or opinions about content or 
procedures; expressing his own ideas, givig his own 
explanation, or citing an authority other than a pupil. 
6. Giving directions. Directions, commands, or orders to which 
a pupil is expected to comply. 
7. Criticizing or justifying authority. Statements intended to 
change pupil behavior from nonacceptable to acceptable 
pattern; bawling someone out; stating why the teacher is 




8. Pupil-talk—response. Talk by pupils in response to teacher. 
Teacher initiates the contact or solicits pupil statement or 
structures the situation. Freedom to express own ideas is 
limited. 
Initiation 
9. Pupil-talk—initiation. Talk by pupils which they initiate. 
Expressing own ideas, initiating a new topic, freedom to 
develop opinions and a line of thought like asking thoughtful 
question, going beyond the existing structure. 
Silence  10. Silence or confusion. Pauses, short periods of silence and periods of confusion in which communication cannot be 
understood by the observer. 
Figure 3. Flanders’ Interaction Analysis Categories (Flanders, 1970) 
The classification system first captures if a student or a professor is speaking. In 
either case, a distinction is then made between initiation and response. To initiate 
verbally means to introduce an idea or point of view for the first time. To respond is to 
express a thought that was dependent on what was initiated – to agree, disagree, or 
continue discussing.  
There are a total of seven categories for when the professor is speaking. The first 
three categories contain different forms of a response to the students: Accepts Feelings 
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(Category 1) is used when the professor accepts and clarifies the feelings of a student; for 
example, responding to a student who says he or she is anxious about an upcoming 
examination. Category 2, Praises or Encourages, is used when the professor encourages 
pupil behavior and communicates approval, such as praising an answer to a question. 
Accepts or Uses Ideas of Pupils, Category 3, occurs when the professor builds on ideas 
suggested by a student. 
When the professor asks a question to the class and expects a student will answer, 
the discourse is coded as Category 4. An example of this occurs when the professor asks 
for the answer to a specific calculation. Rhetorical questions are not coded into this 
category. If a professor asks a question that builds on a student question or comment, 
since that is a response to a student idea, it would be coded Category 3, Accepts or Uses 
Ideas of Pupils. 
The next three categories contain different ways the professor can initiate verbal 
interactions. Lecturing (Category 5) is used when the professor is, for example, outlining 
a procedure for solving a problem. Category 6, Giving Directions, is used when the 
professor gives a direction that is intended to produce compliance. The last category 
pertaining to when the professor is speaking, Category 7, is Criticizing or Justifying 
Authority. Recrimination can be present in this category, as when the professor criticizing 
a student. 
Two categories are available when a student is speaking. Category 8, Pupil Talk, 
includes a student responding with a predictable answer to a question the professor asked. 
For example, if the professor asks for the answer to a specific calculation, and the student 
supplies it, that would be coded as Category 8 discourse. Category 9, Pupil Talk 
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Initiation, occurs when students express their own ideas or initiate discourse. If the 
professor asks how to approach a problem, and a student contributes an original approach 
not yet discussed or covered in the textbook, that is coded as Category 9. Note that a 
student responding to another student rather than to the professor is always coded by the 
Flanders Interaction Analysis categories system as Category 9 rather than Category 8. 
Because Category 9 is used when students express their own ideas, suggest their own 
approach to a problem, or develop their own explanations, Category 9 is prominent in 
group work when the teacher is not present. 
The final category, Category 10, represents Silence or Confusion. Because 
students were also silent when taking a quiz, an additional category, Category 11 Quiz, 
was used in this study to capture such situations. Adding this category is permissible, as 
Flanders states that an eleventh category can be added in order to make distinctions about 
silence that are of interest to the researcher (Flanders, p. 50). 
Analysis of Verbal Interactions 
 Before coding the verbal discourse, the research trained for more than 12 hours on 
the FIAC system using a training kit and a book (Amidon and Amidon, 1967; Flanders, 
1970). Six to ten hours of training is recommended to reach a point of consistency. The 
book explained the coding system and contained exercises to help the researcher master 
the coding system. The training kit contained audio files of various classroom discourse 
segments, along with the coding for these files. The researcher achieved a coding 
accuracy of over 90% with these files; an accuracy between 85% and 90% was 
considered satisfactory.  
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One researcher coded the audio files; a reliability coefficient calculated the 
consistency of her coding. The researcher coded an audio file from this study and coding 
it again one month later with a reliability coefficient of 0.89, with a coefficient of 0.85 
considered a reliable level of performance (Amidon, 1967). 
 The audiorecordings were transcribed and the researcher hand-coded, at three-
second intervals, the classroom verbal interactions. Before examining individual research 
questions, an overview of how much class time is spent on the three main categories – 
Pupil Talk, Teacher Talk, and Silence – for the hybrid and traditional format class 
meetings will be presented. If differences are seen, a chi-square goodness of fit test 
comparing the number of three-second intervals of each type of discourse will be 
performed to determine if these differences are statistically significant. 
 While measuring the amount of types of discourse is illuminating, the quality of 
the discourse also had to be examined. The transcripts were analyzed based on the four 
interdependent aspects of a learning environment outlined in the How People Learn 
framework for effective learning environments (Bransford, 2000). These aspects include 
assessment, community, knowledge, and learners.  
1. How does the nature of in-person student-to-instructor and student-to-student 
discourse compare between the hybrid versus traditional format of a college mathematics 
course? 
The amount of student discourse in the classroom was measured by tallying the 
total number of 3-second intervals categorized as “Pupil Talk Response” (Category 8) or 
“Pupil Talk Initiation” (Category 9). The percentage of student discourse was examined 
to determine any variation between the hybrid and the traditional course.  Seven audio 
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recordings were made of each course format; a chi-square goodness of fit test was 
performed by pairing each hybrid class recording with a traditional class recording in 
order to determine if any differences were statistically significant. A z-test was performed 
to determine if there was significantly more Pupil Talk in the hybrid course than in the 
traditional course. 
The amount of Pupil Talk Initiation was compared between the traditional and 
hybrid format. A z-test was performed to determine if there was significantly more Pupil 
Talk Interaction in the hybrid course than in the traditional course. 
Learners and teachers communicate through verbal dialogue; the value and 
effectiveness of these conversations cannot solely be captured quantitatively. Excerpts 
from the class transcripts were presented as specific examples of Student Talk Initiation 
in both the hybrid and traditional formats. 
2. How does the nature of the in-person direct instruction differ between the hybrid 
course and the traditional course? 
To understand if the amount of professor discourse varied between the hybrid and 
traditional classes, the percentage of class time that the professor spoke was calculated 
and compared. When the professor spoke either to the class as a whole or to the small 
group being recorded by the researcher that class session, the professor’s verbal 
interaction was coded between Category 1 through 7.  The amount of professor discourse 
in the classroom was then measured by tallying up the total number of 3-second intervals 
in Categories 1 through 7.  
A chi-square goodness of fit test was performed by pairing each hybrid class 
recording with a traditional class recording in order to determine if any differences seen 
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were statistically significant. A z-test was performed to determine if there was 
significantly more Teacher Talk in the hybrid course than in the traditional course. The 
percentage of instructor discourse in each category was also compared. A z-test was 
performed to determine if there was significantly less direct lecturing in the hybrid course 
than the traditional course. To determine how the professor’s discourse was distributed 
across the different Teacher Talk categories (rather than as a percentage of class time), 
the number of three-second intervals in each category was divided by the total number of 
intervals of professor discourse. 
 The structure of the class was also examined. The amount of time that each class 
spends taking a quiz, performing group work, or being lectured by the professor is 
calculated for every class meeting. 
3. How does the level of mastery on homework and examination questions compare 
between the hybrid course and the traditional course? 
The professor administered examinations to the hybrid and traditional sections of 
the course that containing several identical questions. The first examination had all eight 
questions in common. The second examination for the hybrid section had eight total 
questions, five of which were asked on the second examination in the traditional section 
and one was asked on the third examination of the traditional section. (These scores will 
be referred to as the “second examination scores”.) The students in the traditional section 
took a third examination that the hybrid students did not, due to the lower number of 
class meetings that the hybrid section had. An identical final examination containing16 
problems were administered to both sections. The professor graded all of the 
examinations for both sections himself.  
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The results for each common question were compared between the traditional and 
hybrid section. Because the results did not have a normal distribution, the analysis was 
performed using the non-parametric Mann-Whitney U Test. Questions where one section 
performed significantly better than the other were examined. 
Quizzes were given in both sections, but performed a different function in the 
class. In the hybrid class, students started each class meeting with a closed-book quiz on 
the material they watched on the videos. This was to ensure they were preparing for the 
class and the hybrid format by watching the videos of direct instruction. In the traditional 
class, there was an open-notes quiz at the end of most class periods, based on what was 
covered in class that day. Its function was to ensure students were keeping up with the 
material presented in class, and to give the professor feedback if something was not clear 
to the students. Due to the different roles the quizzes played in the two sections, quiz 
scores were not compared between sections. 
The hybrid section had two types of homework assignments. A ‘just in time’ 
assignment was due the night before the in-person class meeting. These assignments were 
comprised of introductory problems to ensure the students had achieved a certain level of 
content mastery from the videos and to give the professor feedback about student 
progress. Each assignment was worth a total of 10 points. The second type of assignment 
was due two days after the in-person class meeting. These assignments contained more 
advanced problems; each problem had a uniform point value of 4 points per question, so 




The traditional class did not have ‘just in time’ assignments since all of their 
content delivery happened in the classroom rather than by video. These students had both 
basic and advanced questions on an assignment that was due two days after the in-person 
class meeting. Each problem had a uniform point value of 4 points per question. 
Several identical questions that were graded with identical 4-point grading rubrics 
were assigned to both sections for each chapter. The professor graded the hybrid section, 
and an experienced grader for the class graded the traditional section according to the 









Student-Professor Verbal Interactions 
 Before examining individual research questions, an overview of the amount of 
class time spent on the three main categories – Student Talk, Teacher Talk, and Silence – 
illustrates stark differences between the hybrid and traditional format class. Figure 4 
displays the amount of discourse in each category, summed up across all seven 
Traditional Class recordings and all seven Hybrid Class recording. 
 
Figure 4. Percentage of verbal discourse in seven traditional class meetings and seven 
hybrid class meetings 
 
The vast majority of class time with the traditional course format focused on 
Teacher Talk (79%), while the hybrid class spent less than half that time on Teacher Talk 
(38%). Student Talk was more than double in the hybrid class compared to the traditional 
format, at 21% and 8% respectively. The hybrid classroom experienced significantly 




 To verify the significance of these differences, a chi-square goodness of fit test 
performed with two degrees of freedom compared the number of three-second intervals 
of each type of discourse. As indicated in Table 1, the difference in distribution of 
discourse between traditional and hybrid courses was statistically significant in all seven 
pairs of recordings (p < 0.005). 
Table 1 
Chi-Square Goodness of Fit Test Comparing Hybrid and Traditional Format  











Traditional 1425 147 52 
χ2 = 3346 
Hybrid 866 236 441 
Recording 2 
Traditional 1066 97 260 
χ2 = 2177 
Hybrid 402 432 723 
Recording 3 
Traditional 1237 114 253 
χ2 = 1908 
Hybrid 515 385 720 
Recording 4 
Traditional 1208 127 264 
χ2 = 949 
Hybrid 691 337 584 
Recording 5 
Traditional 1234 100 252 
χ2 = 2195 
Hybrid 446 252 847 
Recording 6 
Traditional 1336 123 184 
χ2 = 1590 
Hybrid 716 318 612 
Recording 7 
Traditional 1200 128 264 
χ2 = 1412 
Hybrid 553 381 646 
1With two degrees of freedom, a critical value of χ2 > 10.597 corresponds to the 0.005 
significance level  
 
Quantitative Look at Verbal Interactions 
Research question 1 -  How does the nature of in-person student-to-instructor and 
student-to-student discourse compare between the hybrid versus traditional format of a 
college mathematics course? - was addressed quantitatively through comparing the 
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amount and type of Student Talk in the traditional versus hybrid format, and qualitatively 
by examining classroom transcripts with regards to each of the four aspects of the How 
People Learn framework: assessment, community, knowledge, and learners. The 
percentage of class time that involved Student Talk was measured in seven class 
meetings for both the hybrid and traditional format (see Figure 5). Any time a student 
spoke in class, it was coded as either a Category 8 (Response) or a Category 9 
(Initiation). Tallying up the total number of three-second intervals in these categories 
produced the percentage of class time when students were speaking.  In each case, there 
was significantly more student talk in the hybrid class than in the traditional class. 
 
Figure 5. Percentage of student discourse during class time. Error bars represent 95% 
confidence intervals.  
The 95% confidence intervals do not overlap at all in any of the seven pairings, indicating 
that the findings may be statistically significant. To investigate this further, a z-test per 
pairing (shown in Table 2) demonstrated that for each pairing, there was significantly 
more Student Talk in the hybrid course than in the traditional course, with a p-value of 




Z-Test Comparing Student Talk in Hybrid and Traditional Course 
  Traditional Hybrid z-score1 p-value 
Recording 1 
Student talk intervals 147 236 
5.39 < 0.005 
All intervals 1624 1543 
Recording 2 
Student talk intervals 97 432 
14.94 < 0.005 
All intervals 1423 1557 
Recording 3 
Student talk intervals 114 385 
13.08 < 0.005 
All intervals 1604 1620 
Recording 4 
Student talk intervals 127 337 
10.45 < 0.005 
All intervals 1599 1612 
Recording 5 
Student talk intervals 100 252 
8.86 < 0.005 
All intervals 1586 1545 
Recording 6 
Student talk intervals 123 318 
9.96 < 0.005 
All intervals 1643 1646 
Recording 7 
Student talk intervals 128 381 
12.33 < 0.005 
All intervals 1592 1580 
1A critical value of |z| > 2.575 corresponds to the 0.005 significance level 
Through the FIAC system, student talk was broken into two categories; Student 
Talk Response, such as when a student responded with a predictable answer to a question 
the professor asked, and Student Talk Initiation, when students initiated discourse or 
expressed their own ideas or approaches to a problem.  
Not only was there more overall Student Talk in the hybrid class, but more of it 
was Student Talk Initiation, where students were contributing their own ideas or 
approaches. Figure 6 illustrates that the hybrid course had between 13% to 26% of class 






Figure 6. Percentage of Student Talk Initiation during class time. 
A z-test per pairing (Table 3) demonstrated that for each pairing, there was significantly 
more Student Talk Initiation in the hybrid course than in the traditional course, with a p-
value of less than 0.005 in every case. 
Table 3 
Z-Test Comparing Student Talk Initiation in Hybrid and Traditional Course 
  Traditional Hybrid z-score1 p value 
Recording 1 
Student talk initiation intervals 56 201 
9.87 < 0.005 
Number of all intervals 1624 1543 
Recording 2 
Student talk initiation intervals 50 400 
16.89 < 0.005 
Number of all intervals 1423 1557 
Recording 3 
Student talk initiation intervals 97 364 
13.32 < 0.005 
Number of all intervals 1604 1620 
Recording 4 
Student talk initiation intervals 48 281 
13.48 < 0.005 
Number of all intervals 1599 1612 
Recording 5 
Student talk initiation intervals 36 247 
13.38 < 0.005 
Number of all intervals 1586 1545 
Recording 6 
Student talk initiation intervals 33 295 
15.22 < 0.005 




Student talk initiation intervals 75 370 
15.17 < 0.005 
Number of all intervals 1592 1580 
1A critical value of |z| > 2.575 corresponds to the 0.005 significance level 
The other possible category for student discourse, Student Talk Response, 
included students responding with a predictable answer to a question the professor asked.  
There is greater Student Talk Response in the traditional class than the hybrid format 
(Figure 7), at 1% to 5% for the traditional class compared to 0% to 3% for the hybrid 
class.  
 
Figure 7. Percentage of Student Talk Response during class time. 
A z-test per pairing (Table 4) demonstrated that for six of the seven pairings, there was 
significantly more Student Talk Response in the traditional course than in the hybrid 
course, with a p-value of less than 0.05. 
Table 4 
Z-Test comparing Student Talk Response in hybrid and traditional courses 
  Traditional Hybrid z-score1 p value 
Recording 1 Student talk response intervals 91 35 4.79 < 0.05 
All intervals 1624 1543 
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Recording 2 Student talk response intervals 47 32 2.10 < 0.05 
All intervals 1423 1557 
Recording 3 Student talk response intervals 17 21 -0.63 0.53 
All intervals 1604 1620 
Recording 4 Student talk response intervals 79 56 2.08 < 0.05 
All intervals 1599 1612 
Recording 5 Student talk response intervals 64 5 7.09 < 0.05 
All intervals 1586 1545 
Recording 6 Student talk response intervals 90 23 6.42 < 0.05 
All intervals 1643 1646 
Recording 7 Student talk response intervals 53 11 5.26 < 0.05 
All intervals 1592 1580 
1A value of |z| > 1.645 corresponds to the 0.05 significance level 
It is worth stressing that both the overall amount of Student Talk (Response and Initiation 
combined) and Student Talk Initiation was much higher in the hybrid course, as 
illustrated in Figure 5 (page 36) and Figure 6 (page 38). Students spoke more in the 
hybrid section, and of that student discourse, more of it was original thought or 
contributing ideas that was categorized as Initiation. Therefore, it makes sense that the 
amount of Student Talk Response is higher in the traditional course. 
Qualitative Look at Verbal Interactions 
To get a sense of the educational climate in the hybrid classroom compared to the 
traditional classroom, discourse was examined in each of the four aspects of the How 
People Learn framework: assessment, community, knowledge, and learners. 
Learners: Working together 
In a learner-centered environment, students working together in class is the norm 
rather than the exception (Doyle, 2008). The amount of student discourse in the hybrid 
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classroom shown with Figure 5 (p. 35) indicated that students spent more time working 
together in the hybrid classroom than the traditional classroom. The Topics in 
Mathematics for Liberal Arts course covered several methods of apportionment 
(distributing or allocating goods or resources proportionally), and the students were given 
a problem (see Figure 8) to work through together during the hybrid class meeting. Each 
student turned in a personal write-up of the problem for homework within three days of 
the class meeting. Students were working together for a common goal but assessed 
individually to promote learning through cooperation. 
400 nurses must be apportioned to the four hospital shifts, based on 








Late night 371 
 
Find the Huntington-Hill apportionment of nurses to shifts based on 
number of patients in the hospital.  
Hint: First, determine whether the standard divisor already works, and 
results in a Huntington-Hill apportionment. If not, should the modified 
divisor be greater than the standard divisor or less? In any case, one of 
the following modified divisors will work: 
13.47, 13.48, 13.49, 13.50, 13.51, 13.52, 13.53 
Figure 8. Huntington-Hill method of apportionment in-class problem 
To start the problem, the standard divisor, or the average number of patients per nurse, 
had to be calculated; in this case it was 13.5 (5400 patients divided by 400 nurses). Then 
the standard quota, or the shift’s exact proportional share of nurses, could be found by 
dividing the number of patients on each shift by the standard divisor (Figure 9). 
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Shift Average number of patients Standard Quota 
Morning 1742 129.04 
Afternoon 2067 153.11 
Evening 1220 90.37 
Late night 371 27.48 
Figure 9. Standard quotas for in-class apportionment problem 
The except below is discourse between two students in the hybrid class: 
Student 1: It was 129.04, 153.11, 90.37, and 27.48. 
Student 2: 27.48? 
Student 1: Yeah. 
Student 2: And the standard divisor was 13.5, right? 
Student 1: Yeah. 
Student 2: Okay.  I just wanted to double-check.   
While the two students are working “together”, they are primarily performing the work 
on their own and comparing their answers to each other. Student 1 vocalized the results to 
the four computations, Student 2 correctly stated the value for the standard devisor. The 
verbal interaction painted a picture that both students were on task but working 
independently from each other. The group typology (Figure 2) is “helping obligatory” 
(Stodolsky, 1984).  
In the traditional class, students did not work in groups. In most cases when 
students spoke, it was to the professor rather than too each other. On the rare cases when 
two students were speaking in class at the same time, it was because they had differing 
opinions; however, if they were not working together to resolve them, the professor 
would mediate the disagreement. 
Professor: First seconds to minutes, we can say how many minutes this is.  So 
should I multiply or divide by 60? 
Student: Multiply. 
Student: Divide. 
Professor: I have two different opinions on this.  Good, we're going to get a 




The professor stated the correct answer to end the conflict between the two answers 
(McKinley, 1983). Though the student who had answered “multiply” was told the correct 
answer, the reason why the student initially thought they should multiply, and why 
dividing is the right step, was not addressed.  
Learners: Using terminology 
Continuing the problem in Figure 8, the next step was that the standard quota was 
either rounded up or down. If the standard quota was less than the rounding cutoff, the 
number was rounded down to the lower quota; if the standard quota was greater than or 
equal to the rounding cutoff, it was rounded up to the upper quota. For this problem, the 
standard quota for each shift was lower than the Huntington-Hill Rounding Cutoff, so it 
was rounded down in each case (Figure 10). 








Morning 1742 129.04 129.49903 129 
Afternoon 2067 153.11 153.49919 153 
Evening 1220 90.37 90.49862 90 
Late night 371 27.48 27.49545 27 
   Total: 399 
Figure 10. Apportionment with standard divisor for in-class problem   
Two students in the hybrid section discuss this step. 
 
Student 1: And the first one we round down, right? 
Student 2: Yeah. 
Student 1:  The second one we round down. 
Student 2: Yeah. 
Student 1:  The third one, and then down again. 
Student 2: Yeah. 
Student 1: 399. 
Student 2: Yeah, that's what I got too. 
Student 1:  So — 
Student 2:  Was it like 400? 
Student 1:  It was supposed to 400, yeah. 
Student 2:  Okay. 
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Student 1:  So we need a smaller — 
Student 2:  Yeah, modified divider. 
 
The students are using the terminology (such as “modified divider”) to discuss their 
results. Because using the standard divisor did not lead to a successful apportionment, the 
Huntington-Hill method required that a modified divisor must be used. When not enough 
nurses were apportioned (399 instead of 400), the students recognized that the modified 
divisor must be smaller than the standard divisor.  
 Each topic in the course had its own unique terminology, and students in the 
hybrid section consistently used the terminology when discussing problems. During the 
class meeting where students were working on fair division problems, the hybrid class 
students used the word “share” in discourse 20 times.  
Student 3: You have to cut the share that they got into three.  I'm going to ask 
him.  Yeah, it says three. 
Student 4: Yeah, yeah, yeah. 
Student 3: Yeah, it's three. 
 
Student 4: So we do have January through the first half of February, the second 
half of February through March, and April through the rest of her 
share. 
Student 3: Sure.  I just do it like that. 
 During the traditional class that covered fair division, the term “share” was only 
spoken two times by students. The term was spoken 98 times by the professor.  
Professor: Okay.  Ah, so these are the valuations, but a bid list is a list of what 
shares you consider fair for you, only the ones that are good enough 
to go home with at the end of the day.  [Student name redacted]? 
Student: It's just what's the fair shares that we're looking for? 
Professor: Yes, exactly.   
Learners: Teacher as facilitator 
In a learner-centered environment, the teacher acts as facilitators to provide 
personalized guidance. The students in the hybrid section working on the apportionment 
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problem in Figure 8 were struggling identifying an error in their work. A number smaller 
than the standard divisor was chosen as the modified divisor. While in reality this would 
be a process of successive approximations, for this problem the professor provided seven 
possible numbers (out of infinitely many candidates) that could be the modified divisor. 
The students already eliminated four of the professor’s choices, the standard divisor 
(13.5) and the three numbers larger than the standard divisor (13.51, 13.52, 13.53). They 
had used the remaining three modified divisors, but were still not apportioning the correct 
number of nurses.  
Student 1:  Excuse me.  We've done this like 95 times, and we can't figure out 
how to get one of these to work.  Well, it would probably be one of 
these [modified divisors]. 
Professor: Okay, that's correct.  Okay.  So the numbers in front of us now are 
based on which one [which modified divisor]? 
Student 1: This is the — after we do this.  Was the geometric number? 
[Geometric mean, the rounding cutoff] 
Student 2: Yeah. 
Professor: Okay.  I'm sorry.  I meant these particular — [apportionments] 
Student 1: These are by the 13.5 [the standard divisor]. 
Professor: These are based on the 13.5. 
Student 2: Yeah. 
Professor:  Okay.  So now you would just arbitrarily pick one of these. 
[modified divisors] 
Student 1:  We did all three — 
Professor:  You did all three? 
Student 2:  Yeah, the smaller ones. [modified divisors smaller than the standard 
divisor] 
Student 1:  And we can't find a way to get these to go — 
Student 2:  To like round up. 
Student 1:  To round up. 
Professor:  I see. 
Student 1:  We keep getting them rounding down. 
Professor:  So our problem is — so we need a smaller — so let's look again at 
13.47. 
 
The professor and students discuss the case of using the modified divisor of 13.47, as 
shown in Figure 11.  
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Morning 1742 129.04 129.32 129.49903 129 
Afternoon 2067 153.11 153.45 153.49919 153 
Evening 1220 90.37 90.57 90.49862 91 
Late night 371 27.48 27.54 27.49545 28 
    Total 401 
Figure 11. Apportionment with modified divisor 13.47 for in-class problem  
The students explained their work to the professor. 
 
Student 1:  I've done this wrong a few times.  So .32, so you round — so it's 
greater, so you round down.  It's greater, so you round down.  
Greater, so you round down. 
Professor:  Time out.  Time out. 
Student 1:  Oh, I was wrong. 
Professor:  No, that one [90.57] wants to be rounded up.  
Student 1:  Why? 
Professor:  Because 1,220, because we're looking at the evening shift. 
Student 2:  Uh-huh. 
Student 1:  Okay. 
Professor:  So 1,220 divided by 13.47 is 90.57, so there the quota is .5 
something, and we're comparing it to .499.  So there your quota is 
larger than the — 
Student 1:  Wait, you're comparing it to this quota, not the original [standard] 
quota? 
Professor:  You're comparing it to this [Huntingon-Hill Rounding] cutoff. 
Student 2:  Oh. 
Student 1:  Oh.  We've been comparing it to the standard quota. 
Student 2:  Yeah. 
Professor:  See, each time you try a new divisor you're getting all new quotas, 
and it's the only quotas that need to be compared to these cutoffs. 
Student 2:  Okay. All right.  Now that puts it all in perspective. 
Student 1:  We were thinking that we were swapping these numbers [modified 
quota] for these numbers [standard quota], not these numbers 
[modified quota] for these numbers [Huntington-Hill rounding 
cutoff]. 
Student 2:  Yeah. 
Professor:  Ah, I see.  Okay, this is how we learn. 




This exchange gave the professor the opportunity to see the error that the students 
were making. He was able to provide personalized guidance, and understand what aspect 
of the problem was causing the students to struggle. 
The student error was in the rounding of the last step. They were comparing the 
modified quota to the standard quota, and if the modified quota was greater, they were 
rounding down. On the Cognitive Demand scale, the students were undergoing a 
productive struggle, where the scaffolding and assistance of the professor supported them 
as they worked through the problem. They had caught a few minor calculation errors on 
their own, and had double checked all of their work before asking the professor for help. 
He was able to quickly grasp the rounding error they were making, and explain the correct 
way. It is worth noting that at this point, the students still have not solved the problem. The 
professor did not reveal the answer, just the error in their reasoning. This scaffolding 
“supports students in productive struggle in building understandings and engaging in 
mathematical practices” (Schoenfeld, 2014, p. 408). The students discussed it further after 
the professor left their group. 
Student 1: I can't believe I just did that 25 times. 
Student 2: 13.47, and that rounds up the 90.37? 
Student 1: Yeah. 
Student 2: Okay.  Okay, so when — okay, so then you base it off of this number 
[Huntington-Hill Rounding Cutoff] instead of that one [Standard 
Quota]. 
Student 1: Yeah. 
Student 2: I've got to remember that.   
 
 This exchange also illustrates why the hybrid class is more silent than the 
traditional class. The entire conversation excerpted above was 11 minutes and 21 seconds 
long.  Scattered over that discussion was a total of 2 minutes and 30 seconds of silence as 
the students worked through the calculations individually, so 22% of their “discussion” 
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was spent in silence. Indeed the conversation just excerpted has slightly less silence than 
other phases of group work. These two students worked together for 40 minutes and 15 
seconds during this class period, and 47% of this time was spent in silence. The periods 
of silence ranged in length from small snippets of just 3 seconds to the longest of 1 
minute and 12 seconds. 
 One of the often-touted advantages of the hybrid format is that the professor can 
provide more personalized support. The students are working at the outer edge of what 
was possible for them to do unaided, and when their productive struggle tip into 
unproductive and they need guidance, they are in the classroom where they could ask the 
professor, rather than at home or the library where they could not get real-time feedback. 
However, as noted by Moore, Gillett, & Steele (2014), little in the literature documented 
whether getting personal real-time feedback from the professor actually happened in 
hybrid courses. To assess this, this study noted with what frequency the group being 
recorded asked the professor a question (Table 5). 
Table 5 
Quantity of questions asked and time until answers received 
Recording Group Number of times 
group asked 
professor a question 
Wait time until they could ask 
professor their question 
1 B 1 Immediate 
2 A 1 6 seconds 
3 B 2 21 seconds; 33 seconds  
4 A 3 Immediate; 27 seconds; immediate 
5 B 0 - 
6 B 3 2 minutes 39 seconds; 21 seconds; 
immediate 




During the hybrid class meetings, each group asked the professor questions up to 
three times, with a maximum wait time of 2 minutes and 39 seconds. In cases where there 
was no wait time, the students were working together and had not yet indicated they 
needed to ask a question, but when the professor came to their group they used the 
opportunity to get his assistance. In other cases, a student would say “I am going to ask 
him” and then the time between when the student expressed the desire to ask a question 
and the question was actually asked was measured. While waiting for the professor, the 
students continued discussing the question with each other, or went on to a new problem.  
In Recording 1, the students were working on a problem when the professor 
approached the group to check in, and one of the students used that opportunity to ask a 
question. 
Professor: Hey.  
Student 3: Hi. 
Professor: How's it going? 
Student 3: Pretty good. 
Student 4: Confusing at times, but — for the most part. 
Professor: It's a math course.  It's supposed to be confusing at times. 
Student 4: Yeah. 
Student 3: I know. 
Student 4: Naturally. 
Student 3: I have a question.  I did this like — I didn't get the email before.  I 
did it at home, but now that I'm looking at it, I don't even know what 
I did.  You know how it says to find each shift, like the number of 
patients per nurse? 
Professor: Uh-huh. 
Student 3: Like is this correct?  I did — 
Professor: Yes.  Uh-huh.  That's exactly right. 
Student 3: Divided by standard quota? 
Professor: Well, so what you divided by actually was not the standard quota, 
but the actual number of nurses that get apportioned.   
Student 3: Oh. 
Professor: What you divided by in each case was a whole number. 
Student 3: Uh-huh. 




Student 3: Okay. 
Professor: See, if you had divided each time by the standard quota, then you 
would've gotten — the standard quota is this number that has a 
decimal part.  Then you would've ended up getting exactly 13.5 
every single time. 
Student 3: Oh, yeah.  Okay.  Now I understand.  I divided by this. 
Professor: By that number, the number actually apportioned.  So that doesn't 
work out to exactly the same number of patients per — 
Student 3: Okay.   
 
The student expressed emotion to the professor, admitting that mathematics can 
be confusing at times. The professor acknowledged the student’s feelings, which the 
Flanders Interaction Analysis views as a hallmark of effective teaching. Then Student 3 
used the opportunity to ask the professor a question. When the professor answers, Student 
3 states he now understands. Though this conversation was between Student 3 and the 
professor, immediately after the professor leaves the group, Student 4 picks up the 
conversation. 
Student 4: Hold.  You got 13.55? (get student numbers to line up) 
Student 3: Yeah. 
Student 4: Okay.  All right.  For rounding 5, 6, and all that. 
Student 3: Uh-huh. 
Student 4: Okay.  I think like math problems I'm always like guessing myself, 
like, "Oh, is that right?  All right." 
Student 3: Yeah. 
Student 4: So cool, so we got that. 
Student 3: Yeah. 
Student 4: Okay.   
 
In every case, the question was addressed so the students felt comfortable 
continuing their work. An important aspect of education is feedback. The students 
receiving feedback from the professor on the problems they are working on is a type of 
formative assessment, one where both the student and the professor are learning. In the 
hybrid format, students have the opportunity to receive feedback from the instructor 
51 
 
every class period, and the professor gets to see the types of errors the students are 
making and any misconceptions they have. 
 With the traditional course, students still asked questions, but they were real time 
questions that occurred as the professor was presenting the material. This favors students 
with faster processing speeds, leaving those who would be slower to process the 
information at a disadvantage. Students did not have time to wrestle with the material on 
their own before formulating their questions. A student had to be able to verbalize any 
areas of confusion almost immediately, without working through the material. This 
required students to predict what questions they would have when they did work on the 
class problems, and to do so quickly to keep up with the pace of the course. 
Professor:  Wendy gets the house, and she pays each sibling $100,000 in cash.  
Is that a fair division according to our definition of fair division?  
Please. 
Student: Is she also getting $100,000? 
Professor: She's not getting any cash.  She's getting a house. 
Another example: 
Professor: Notice that for each sibling all the land adds up to 100 percent.  The 
total value of everything is 100 percent.  Then it's a question of how 
those 100 percentage points are distributed among the five shares, 
as the divider has marked them off.  Please, [student name redacted 
0:26:17]. 
Student: What if we see a situation where the divider divides everything 
equally, or is it just — ? 
Professor: The divider has to. 
Student: Okay. 
Professor: If the divider does not divide all the things equally from his or her 
own point of view, then the divider has created a setup for his or 
her own disappointment.  That's sort of the built-in incentive for 
the divider to follow the rules.  It's protecting their own interests.  
So must've been the divider?  Pat.  Only Pat values everything 




Much of the role of the professor as facilitator occurred when the students were 
engaged in discourse categorized as Student Talk Initiation. The traditional course had 
significantly less Student Talk Initiation (Figure 6, page 36). In the class meeting 
covering the apportionment topic, contributions from the students that classified as 
Student Talk Initiation ranged from 3 seconds to a maximum of 21 seconds. The two 
longest stretches of Student Talk Initiation from the traditional class are transcribed 
below. 
Professor:  This is the Jefferson apportionment.  Under Jefferson's 
apportionment Massachusetts does get 16 seats.  Vermont does get 
two seats.  It's worth commenting that if you add up these modified 
quotas, their sum actually doesn't mean anything.  So this 430,000 
is something of a mathematical fiction.  It plays a certain 
computational role.  That 430,000 is something we use in order to 
obtain the modified quotas, but it's not the case that there are 
430,000 people, blah, blah, blah.  There's not a sentence dwelling 
here that starts out with, "430,000 people live in — "  And so this 
sum also does not concretely mean something.  Great.  Please, 
[student name redacted]. 
Student: Couldn't people get upset still with this, because like for 
Connecticut, they deserve to be rounded up as opposed to being 
rounded the same as Vermont.  And with 430,000, that's a made-up 
number, so — 
Professor: Excellent point.  There's always going to be somebody mad, so 
maybe what this is really all about isn't avoiding making people 
mad, but maybe there's another agenda.  
 
Another example: 
Professor: The goldilocks principle, that somewhere in the middle — we've had 
too few and too many, so somewhere in the middle is the right 
number.  Great, so this work we did was not in vain.  It tells us where 
to look for the next one.  Please. 
Student: Isn't there some sort of method you can use so you don't have to 
guess and get it wrong? 
Professor: This is — no. 
Student: So you have to almost plug each of your own down and figure out 
if that's correct, as opposed to just having like a foolproof method. 
Professor: That is correct.  That is correct.  First of all, the method is not so 
bad.  Second of all, for purposes of this course I will always give 
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you a short list of modified divisors to try and say one of these will 
work. 
 
Though there was Student Talk Initiation during the traditional course, it was much 
shorter in duration than in the hybrid class, and it was usually sandwiched between 
lengthy stretches of verbal discourse from the professor. This was to be expected, since 
the professor is responsible for disseminating content through the traditional lecture, there 
is less opportunity for him to act as a facilitator.  
When direct lecturing, the instructor would pepper the lectures with questions 
from the class to elicit student response; often these questions had very specific answers 
the professor was looking for as shown below. 
Professor:  Someone remind me what a standard divisor was. 
Student:  It’s the total population divided by the total number of seats. 
 
Professor:  We start out with 15, 6, 4, 4, 3, 2, and that’s going to add up to? 
Student:  36 
 
Professor:  What state was Jefferson from? 
Student:  Virginia. 
Prof:   Virginia. What state was Washington from? 
Student:  Virginia. 
 
Professor: It never violates the quota rule. What does the quota rule say? 




Metacognition plays a role in a knowledge-centered environment, with students 
ensuring the information makes sense and reflecting on when it does not. Metacognition 
includes the ability to reflect on one’s own work. Students in the hybrid course verbalized 
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metacognitive thoughts they were having. Below is the transcript of the longest wait time 
of a group waiting to ask the professor a question (2 minutes 39 seconds) and the 
discourse that occurred while they were waiting. 
Student: I'm saying I've been wrong on everything today, so — 
Student: Uh, let's ask him. 
Student: Yeah. 
Student: I won't change mine yet, but I think you're right, because I think I 
saw that somewhere in the videos, where he did five times — oh.  
Oh, wow. [48 seconds of silence] [Student name redacted] get your 
work so you can show him. 
Student: Yeah, I got it. 
Student: He's almost coming. [6 seconds of silence] 
Student: He is. 
Student: Do you have gum, by the way? 
Student: No, I don't have any gum.  No. 
Student: Oh.   
Student: The only reason I think mine is wrong is it's like so low. 
Student: What? 
Student: I said I think mine is wrong, because it like seems so low to me. 
Student: Hm.  No, but I feel like you're kind of right, because like I only did 
one year, and it's like, "What?"  You can't just do one.  Watch, you'll 
be right.  Okay, so the next one is easy, I think, so let's work on that 
while he gets here.  Compounded every four months?  How do you 
do that? 
Student: That would be quarterly. 
Student: Oh, really. 
Student: This one too. 
Student: Hi. 
Professor: Hey. 
Student: So we don't know who is right for this one, uh, because I'm just kind 
of confused about what to put up there. 
 
In the hybrid class meeting, students also reflect on the work they did outside of class. 
Student 1: Oh, no.  I tried doing this in my head yesterday. 
Student 2: It didn't work out? 
Student 1: It was the worst thing I'd ever done in my life.  I was sitting at my 
friend's house, and I was like, "I can't do it."  He was like, "Write it 







Community: Freedom to make mistakes 
For the problem in Figure 6, the nature of apportionment problems dictated that 
the numbers apportioned have to be integers. After all, 27.48 of a nurse could not 
realistically be assigned to the late night shift; the hospital would either assign 27 or 28 
nurses to that shift. The rounding depended on the apportionment technique being used. 
For what is known as the Huntington-Hill method, the rounding cutoff was calculated as 
�(𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑞𝑞𝑞𝑞𝑙𝑙𝑞𝑞𝑞𝑞)(𝑞𝑞𝑢𝑢𝑢𝑢𝑙𝑙𝑙𝑙 𝑞𝑞𝑞𝑞𝑙𝑙𝑞𝑞𝑞𝑞) 
where the lower quota of a shift equaled the standard quota rounded down to the nearest 
integer, and the upper quota of each shift was the standard quota rounded up to the 
nearest integer (Figure 12).  






Morning 1742 129.04 129.49903 
Afternoon 2067 153.11 153.49919 
Evening 1220 90.37 90.49862 
Late night 371 27.48 27.49545 
Figure 12. Huntington-Hill rounding cutoffs for in-class apportionment problem 
The students calculated the Huntington-Hill rounding cutoff and discussed their results.  
Student 2: Okay, so you got 129.499 — 
Student 1: Yeah. 
Student 2: 153.499, right? 
Student 1: Wait, what's the next one?  Oh. 
Student 2: 153.499. 
Student 1: Oh, yeah.  That'd be 1 5, not 1 4. 
Student 2: Okay.  I just wanted to double check. 
Student 1: Point what? 
Student 2: 49918. 
Student 1: Oh, let me redo that one. 
Student 2: I could've done it wrong too.  Let me double check. 
Student 1: Yeah, you're right. 




This exchange illustrates that students are comfortable making mistakes and being 
incorrect in this environment. When Student 1 gets an answer that is different from 
Student 2’s, she states that she got a different answer and performed the calculation 
again; Student 2 supported her by stating she will double check her own work as well. 
They confirmed with each other when they get the same answer. They were both taking 
ownership of their individual work, and caught small mistakes as they happened before 
getting further into the problem. 
The hybrid students then tried the three possible modified divisors, 13.47, 13.48, 
and the correct divisor of 13.49, and were unable to apportion the correct number of 
nurses, making it clear they made an error. Again, they feel comfortable admitting that 
they are incorrect, and do not shy away from the issue but spent seven minutes checking 
their work and their reasoning but were unable to find their mistake. 
Student 2: Hm.  And you did 13.48? 
Student 1: Yeah.  It should be higher.  If we can't get it to work with 13.49, it 
should be higher than 13.49. 
Student 2: Yeah. 
Student 1: But we already did 13.5. 
Student 2: Well, 13.5 is the standard. 
Student 1: Exactly.  Let me just double check. 
Student 2: Did you do 13.49 too, or was I the one?  Because I could've made a 
mistake. 
Student 1: I did it too. 
Student 2: Okay. 
Student 1: Let me just make sure that our standard divisor ones are right.  Yeah, 
they're fine.  Unless we need — if we have the 399 cookies and we 
need 400 cookies.  We need smaller cookie cutters. 
Student 2: Yeah, so it has to be what it is, right? 
Student 1: All right.  Let's try this again. 
 
 The mention of cookies and cookie cutters was a reference to how the professor 
presented the concept of the standard and modified divisors. The standard divisor was 
thought of as a cookie cutter, and if a cookie cutter produced too few cookies, then using 
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a smaller cookie cutter will produce a greater number of cookies from the same amount 
of dough. The students determined that the standard divisor, 13.5, was apportioning too 
few nurses, so a smaller modified divisor, or “cookie cutter” was needed to produce more 
“cookies”, or nurses. Yet they were unable to get any of the smaller modified divisors to 
produce the correct apportionment and ultimately asked the professor for help. 
 During this hybrid class meeting, students use the words “wrong” and “mistake” 
with regards to their work seven times. In the traditional class meeting, the words 
“wrong” and “mistake” are never said in regards to a student’s work. 
Community: Learning from one another 
A community-centered environment contains the norm of students learning from 
one another, and being comfortable making mistakes (Bransform, 2000). While the 
groups in the hybrid section had at most three interactions with the professor, the 
transcripts reveal that students are comfortable admitting errors to each other and are 
often able to assist each other. During one class session, students were working on the 
same hospital nurse apportionment problem, this time using the Jefferson Method of 
apportionment (Figure 13). 
400 nurses must be apportioned to the four hospital shifts, based on 








Find the Jefferson apportionment of nurses to shifts based on number 
of patients in the hospital. [Hint: One of the following modified divisions 
will work: 13.3, 13.36, 13.42, 13.48, 13.54, 13.6. Before trying any of 
these, first think whether the modified divisor should be greater than 
13.5 or less than 13.5.] 
Figure 13. Jefferson method of apportionment in-class problem  




Late night 371 
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With Jefferson’s Method, the lower quota was apportioned every time, and a modified 
divisor must be chosen so that this apportions the correct number of nurses. The students 
discussed the instance where the modified divisor was 13.42, which does lead to a 
successful apportionment (Figure 14). 








Morning 1742 129.81 129 129 
Afternoon 2067 154.02 154 155 
Evening 1220 90.91 90 90 
Late night 371 27.65 27 27 
   Total: 400 
Figure 14. Successful apportionment with modified divisor 13.42 for in-class problem 
One student wanted to check the work of rounding down the modified quota to the lower 
quota. 
Student 3: Did you just drop the decimal, by the way? [129.81 becomes 129]  
Student 5: Yeah. 
Student 3: Is there a reason to why, or — ? 
Student 4: Yeah. 
Student 5: Because it's just for the lower quota. 
Student 4: Yeah, Jefferson bases itself off the lower quota. 
Student 3: Oh. 
Student 5: Yeah, you just ignore the decimal part. 
Student 3: But that would be like the modified lower quota? 
Student 5: The 13.42 is the modified lower quota — I mean is the modified — 
Student 3: Divisor. 
Student 4: Divisor. 
Student 5: — divisor. 
Student 3: That's what I'm saying.  The 129, that would be the modified lower 
quota for this? 
Student 5: Yeah. 
Student 3: Okay. 
 
Student 3, who originally had the question, was able to correctly use the vocabulary and 
state that 129 was the modified lower quota, with the other two students acknowledging 
that was correct. 
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 In two cases, a student working with a different group either asked the group 
being recorded for help or was asked by the group being recorded for help, such as with 
the following compound interest problem (Figure 15). 
Suppose you borrow $30,000 in student loans (again at 9% annual 
interest, compounded monthly), and you graduate exactly four years 
after taking out the loan. A common situation for student loans is that 
you must make a payment at the end of each month, with the first 
payment 6 months after graduation and the last payment 10 years after 
graduation. Suppose that while you are in school, and also during the 6 
months after graduation, interest is accumulating on your debt. Part a: 
As of the time of the first payment, what is the remaining balance?  
Figure 15. In-class compound interest problem 
The problem required students to recognize they are looking for the future value (FV), 
knowing the present value (PV), the interest rate (i) and the number of times the interest 
is compounded (n). 
FV = PV(1 + i)n 
FV = 30,000(1 + 0.09/12)(12*4+6) 
FV = 30,000(1.0075)54 
FV = $44,911.15 
A student (Student 6) approached Group A wanting to compare answers. 
Student 6: 14A? 
Student 1: What's that? 
Student 6: 14A? 
Student 1: 14A we got $44,910 or $44,911.   
Student 6: I didn't get that. 
Student 1: What'd you do? 
Student 6: Do you just make it [the length of the loan] 14 years instead of 10? 
Student 1: No, no, no.  You have to make it — it's like you do the $30,000, and 
then times the .09 percent.  You divide by 12, because it's monthly, 
so it's .0075.  Then it's to the 54, because it's 54 months, because you 
have to do four-and-a-half years. 
Student 6: Oh, so you're just winding — but I thought you're doing the whole 
thing [length of loan]. 
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Student 1: Yeah, for part A he just explained that to us, because for part A what 
he's saying is while you're in school you're not paying back.  You're 
just gaining interest, so it's just that simple [compound interest] 
problem that we did like two weeks ago.  So you just use the 54 
months. 
Student 6: [Inaudible] 
Student 1: Yeah.  You're just finding out like the PV for part B. 
Student 6: Okay.  Thank you. 
 
Learners: Flexibility on what they work on in class 
Unlike a teacher-centered environment, students have some flexibility over what they 
will learn in a learner-centered environment. While students in both class formats 
covered the same material for the homework and examinations, students in the hybrid 
class could pick on what they wanted to work on during class time. 
Student 3: Do you want to work together on homework 4? 
Student 4: Yeah, that's — I mean — 
Student 3: Because I did the other. 
Student 4: Yeah, I did 3 and the rest of 2, I guess. 
Student 3: Yeah, I did it too. 
Student 4: Yeah.  So yeah, I did it like the other night. I was like, "Forget it.  
That's what I'm going to do."  But yeah, we can do 4.  That's cool. 
 
Community: Knowing each other 
One important aspect of community is knowing each other. The students in the hybrid 
section who worked together eventually exchanged names and contact information.  
Student 1: What time is it?  Oh, it's 9:28.  Oh, no.  Okay, you know what?  I'm 
just going to get your phone number. 
Student 2: There you go. 
Student 1: I can text you when I have no idea how to do this.  What's your 
phone number?  And I'll text you right now just in case you can't get 
me. 
Student 2: Yeah. 
Student 1: All right. 




No verbal discourse was captured in the traditional class where students exchanged 
names or contact information. 
Assessment: Formative quizzes 
 The hybrid course had quizzes at the start of class. Students were able to view the 
solutions once they turned their quiz in. Though there was no formal assignment to 
discuss the quiz, students would bring up errors they had made with each other. 
Student 1: I messed up the Webster one, because I looked at the 4 instead of 
the 4.9, and I rounded.  I was like, "Oh."  Like when he told me when 
I was looking at that, I was like, "Wow, that's probably the worst 
thing I can mess up on." 
Student 2: That always happens to me in the morning.   
 
 
Student 1: Yeah, but .5, why is that going to be any different than 4.9? 
Student 2: Oh, because I keep messing them up.  I keep — I did this on the quiz 
too.  I looked at this instead of the other one. 




The second research question - how does the nature of the in-person direct 
instruction differ between the hybrid course and the traditional course? - involved 
comparing the percentage and quality of instructor discourse that was categorized as 
Teacher Talk-Direct Instruction between the hybrid course and the traditional course. 
There was significantly less Teacher Talk in the hybrid classroom; this holds true for all 




Figure 16. Percentage of professor discourse during class time. Error bars represent 95% 
confidence intervals.  
 
The 95% confidence intervals do not overlap at all in any of the seven pairings, indicating 
that the findings may be statistically significant. To investigate this further, a z-test per 
pairing (Table 6) demonstrated that for each pairing, significantly less Teacher Talk 
occurred in the hybrid course than in the traditional course, with a p-value of less than 
0.005 in every case. 
It is worth noting that in Hybrid Recording 1, the professor talked significantly 
more than in any of the other hybrid recording. This was the first time that he had taught 
in the hybrid format, and he was still adjusting to the new format himself. He had always 
taught by direct lecture in the past, and though his goal for the hybrid format was to 
decrease the amount of direct lecturing and increase the amount of student engagement, 







Z-Test comparing Teacher Talk in hybrid and traditional course 
  Traditional Hybrid z-score1 p-value 
Recording 1 
Teacher talk intervals 1425 866 
-19.88 < 0.005 
All intervals 1624 1543 
Recording 2 
Teacher talk intervals 1066 402 
-26.78 < 0.005 
All intervals 1423 1557 
Recording 3 
Teacher talk intervals 1237 515 
-25.84 < 0.005 
All intervals 1604 1620 
Recording 4 
Teacher talk intervals 1208 691 
-18.84 < 0.005 
All intervals 1599 1612 
Recording 5 
Teacher talk intervals 1234 446 
-27.45 < 0.005 
All intervals 1586 1545 
Recording 6 
Teacher talk intervals 1336 716 
-22.39 < 0.005 
All intervals 1643 1646 
Recording 7 
Teacher talk intervals 1200 553 
-22.87 < 0.005 
All intervals 1592 1580 
1A critical value of |z| > 2.575 corresponds to the 0.005 significance level 
The percentage of instructor discourse in each category was also compared. Less than 1% 
of class time was spent on Categories 1, Accepts Feelings, Category 2, Praises or 
Encourages, Category 6, Giving Directions, and Category 7, Criticizing or Justifying 




Figure 17. Distribution of different categories of instructor discourse in traditional and 
hybrid course 
 
The categories with a significant amount of professor discourse were Categories 3, 4, and 
5. The majority of the professor’s discourse was Category 5, Lecturing, in both sections. 




Z-Test comparing Teacher Talk-Lecturing in hybrid and traditional course 
  Traditional Hybrid z-score1 p-value 
Recording 1 
Lecturing intervals 944 695 
-7.37 < 0.005 
All intervals 1624 1543 
Recording 2 
Lecturing intervals 862 259 
-24.73 < 0.005 
All intervals 1423 1557 
Recording 3 
Lecturing intervals 839 426 
-15.12 < 0.005 
All intervals 1604 1620 
Recording 4 
Lecturing intervals 781 487 
-10.80 < 0.005 
All intervals 1599 1612 
Recording 5 Lecturing intervals 916 352 -19.93 < 0.005 
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All intervals 1586 1545 
Recording 6 
Lecturing intervals 943 450 
-17.44 < 0.005 
All intervals 1643 1646 
Recording 7 
Lecturing intervals 836 443 
-14.05 < 0.005 
All intervals 1592 1580 
1A critical value of |z| > 2.575 corresponds to the 0.005 significance level 
Though the professor spends significantly less time speaking in the hybrid class, when he 
does speak it fits a profile similar to that of the traditional course (Figure 18). To 
determine how the professor’s discourse was distributed across the different Teacher Talk 
categories (rather than as a percentage of class time), the number of three-second 
intervals in each category was divided by the total number of intervals of professor 
discourse. 
 
Figure 18. Distribution of different categories of instructor discourse as a percentage of 
all instructor discourse 
The majority of discourse is Lecturing (Category 5), followed by Accepts or Uses Ideas 
of Pupils (Category 3) and Asks Questions (Category 4). When the professor spoke, he 
followed a similar profile in both the hybrid and traditional course; a different discourse 
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profile overall was created between the two class formats (Figure 18) because he spent 
significantly less time speaking in the hybrid course (Figure 16). 
Lecturing and Asking the Class Questions 
Direct lecturing, Category 5, is the most common use of time in the traditional 
course, and comprised the majority of professor talk in both the hybrid and traditional 
course. In both the hybrid and traditional class, the professor would break up long 
stretches of direct lecturing by asking the class questions, Category 4. This was seen in 
both course formats. The following in an excerpt from the hybrid course. 
Professor: Okay, the square root of four times five, which turns out to be 4.4 
something, 4.4721.  So in all these cases notice how this is slightly 
less than nine-and-a-half.  This is slightly less than six-and-a-half.  
This is slightly less than four-and-a-half.  So it will always be with 
Huntingdon-Hill rounding cutoff — it will always be slightly less 
than the Webster rounding cutoff.  What do I mean by the Webster 
rounding cutoff? 
 
This was also seen in the traditional course: 
 
Professor:  Our final thoughts on Hamilton's method.  There's a certain logic to 
it.  He wants to take care of everyone by giving them their lower 
quota first and making sure no one gets shortchanged.  Then we'll 
see how many surplus seats there are.  It's relatively easy to compute, 
and it goes with what I just said.  It never violates the quota rule.  
What does the quota rule say? 
 
Accepts or Uses Ideas of Pupils, Category 3, occurs when the professor builds on ideas 
suggested by a student. During class, the professor would often build on students’ ideas 
that were initially proposed when asking a question. 
Student: Wouldn't Massachusetts be the only one that has an extra seat? 
Professor: Okay, so let's see.  We start out with 15, 8, 4, 4, 3, 2, and that's going 




Professor: 36, so there's still going to be two.  Again, it so happens that two is 
the number of surplus seats.  But you're right; Massachusetts is 
going to get an extra one, and who else? 
Students: Connecticut.  [Several] 
Professor: Connecticut.  Okay.  All right.  All right.   
Assessment: Tailored instruction 
The hybrid course had a type of homework assignment that the traditional course 
could not have: the just-in-time homework assignments due the night before class. The 
professor would read them over before class, and be aware of what had to be addressed 
during class time the next day. By gaining insights into the students’ approach to the 
problems, he could tailor the class instruction the next day. When students took a 
different approach to a problem set-up than he had anticipated, he both became aware of 
it and could present that approach to the whole class. 
Professor: The first thing we want to do is write out this table, preferably in terms 
of Alice points and Bob points, because we're not giving dollar amounts.  But if, as 
[student name redacted] was creative enough to do — and it's excellent.  This is a 
perfectly fine thing.  If you are more comfortable working with dollar amounts, you 
would make up dollar amounts, as long as they are in the correct proportions to one 
another…You can say that the months that she likes twice as much are worth 
$2,000.  If that makes more sense to you, then fantastic.  Go with that.   
 
Structure of Class 
The professor structured the traditional class so that the majority of time he was lecturing, 
and he administered a quiz at the end of class (Table 8). 
Table 8.  
Structure of In-Person Meetings of Traditional Course 
 
 Professor-directed 




Recording 1 81:12 None 
Recording 2 64:27 6:45 
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Recording 3 73:21 6:48 
Recording 4 71:55 8:24 
Recording 5 76:39 2:03 
Recording 6 82:09 None 
Recording 7 79:33 None 
 
The hybrid class had a different structure (Table 9). The students took a quiz at the 
beginning of class. The professor then directed the class as a whole, before having the 
students break into groups for groupwork. 
Table 9.  








Recording 1 14:57 45:33 16:36 
Recording 2 16:00 21:42 40:12 
Recording 3 13:39 26:24 40:30 
Recording 4 17:15 24:15 38:51 
 Recording 5 14:24 24:39 37:48 
Recording 6 17:06 
(after 23:54 of 
lecturing) 
12:48 31:03 








Research Question 3 - How does the level of mastery on homework and examination 
questions compare between the hybrid course and the traditional course?- was addressed 
by comparing scores on examinations and homework problems. 
Examination Performance 
Students in both the hybrid and traditional sections performed similarly on the 
examinations, with slightly higher mean scores in the hybrid section than the traditional 
section when comparing the common questions (Table 10). 
Table 10. 





  Hybrid Traditional 














Statistical analysis compared examination performance between sections on the 
identical questions. The data did not exhibit normal behavior (Figure 19), so the 
traditional t-test could not be used.  
   




Histograms showed that the distributions had a similar shape, though was not 
normal; in addition, the data involved two independent groups, so the analysis was 
performed using the non-parametric Mann-Whitney U Test.  
On Exam 1, the hybrid section had slightly higher means for half of the question. 
However, there were no statistically significant differences between the hybrid and 
traditional section scores for any of the examination questions (Table 11). 
Table 11. 
Comparing Examination 1 traditional and hybrid section scores 
# Chapter Concept Points 
value 
Scores U p 
    means (s.d.)   











































































On Examination 2, the hybrid section had higher means on four of the six questions 
(Table 12). There was a statistically significant difference for one examination question; 




Comparing Examination 2 traditional and hybrid section scores 





    Hybrid Traditional   





































Question 6 was part of the Fair Distribution chapter, which involved finding a fair 
distribution of a collection of discrete goods. This problem required students to use the 
Method of Sealed Bids. With this method, each player in the problem wrote down what 
each item is worth to him or her. The minimum fair share, the value of goods or money a 
player must receive to feel the distribution was fair, was calculated from this information. 
Each item was then given to the highest bidder. If a player was receiving items greater 
than their minimum fair share amount, then the player paid the difference in cash to a 
common bank account. If the player was receiving items less than their minimum fair 
share amount, then the player received the difference in cash from the common bank 
account. Any surplus, money left over in the common bank account, was divided evenly 
among the players (Figure 20). 
6. Sheldon, Leonard, and Penny are dissolving their business partnership, and must 
distribute the 2 valuable items which they own jointly.  They use the Method of Sealed 




 Car Office 
Sheldon $45,000 $225,000 
Leonard  $35,000 $280,000 
Penny $60,000 $240,000 
 
6a.  Find each player’s minimum fair share amount.  
 Total value of goods Min. fair share amount 
Sheldon     
Leonard    
Penny   
 
6b. Describe the first settlement (for each player, indicate the items received and 
amount of cash initially paid or received as of this first stage). 
 Items received $ initially paid by player $ initially received by player 
Sheldon      
Leonard    
Penny    
 
6c.  Describe the final settlement (for each player, indicate the items received and net 
amount of cash paid or received as of the end of the process). 
 Items received Net $ paid by player Net $ received by player 
Sheldon      
Leonard    
Penny    
 
Figure 20. Method of Sealed Bids question on second examination 
 
The students in the hybrid section performed significantly better on this problem. Out of 
a possible score of 10 points, the hybrid section had a mean score of 8.7, and the 
traditional section had a mean score of 6.7 (Table 12, p. 69). 
The students were also asked a Method of Sealed Bids question on the final exam. 
Again, there was a significant difference between the performance in the hybrid and 
traditional section for this particular examination question. There was one other problem 
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on the final exam where the hybrid section outperformed the traditional section (Table 
13). There were no problems where the traditional students outperformed the hybrid 
students. 
Table 13. 
Comparing final examination traditional and hybrid section scores 





















































































































15 Growth and 
Finance 





16 Growth and 
Finance 






Problem 11 was the Method of Sealed Bids problem (Figure 21). It was nearly identical 
to the question on this topic that was asked on the second examination (Figure 20, p. 72). 
11. Dewey, Cheatham, and Howe dissolve their business partnership and must carry out 
a fair distribution of the two valuable items which they own jointly.  They use the 
Method of Sealed Bids to make the distribution, and write out their bids as follows: 
 
 Office company car 
Dewey $310,000 $35,000 
Cheatham $200,000 $40,000 
Howe $220,000 $50,000 
 
11a. Carry out the allocation of items, and the first settlement. 
 
 Item(s) received  $ initially paid to 
bank account 
$ initially received 
from bank account 
Dewey    
Cheatham    
Howe    
 
11b. Carry out the final settlement. 
 
 Item(s) received  net $ paid to 
bank account  
net $ received from 
bank account 
Dewey    
Cheatham    
Howe    
 
Figure 21. Method of Sealed Bids question on final examination 
 
Out of a possible score of 10 points, the hybrid class had a mean of 8.0 points, and the 
traditional section had a mean of 6.0 points (Table 13). 
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 The two sections also performed differently on the final examination’s first 
question, which covered different voting methods (Figure 21). Students needed to 
demonstrate knowledge of Extended Instant Runoff Voting, Extended Borda Count, 
Method of Pairwise Comparisons, and know the fairness criteria that can be violated by 
different voting methods. 
1. The 23 members of a corporate board vote on which job candidate to hire as CEO. 
The candidates are Ann (A), Bob (B), Claire (C), and Dave (D), and the election results in 
the following preference table: 
 
# of voters: 8 5 6 3 1 
1st choice A B C D C 
2nd choice B A D C A 
3rd choice D D B B B 
4th choice C C A A D 
 
1a. Rank the candidates under the Extended Instant Runoff Voting Method. 
1b.  Does the result of the election under Instant Runoff Voting violate any fairness 
criteria?  Which one(s), and how can you tell? 
1c. Which candidate is ranked higher under the Extended Borda Count Method, Ann or 
Dave?  Show your work. 
1d. You don’t have to apply the entire method of Pairwise Comparisons here, but which 
candidate wins the head to head competition between Bob and Claire?  [Explain very 
briefly.] 
 
Figure 22. Voting Methods question on final examination 
Out of a maximum of 18 points, the hybrid section had a mean score of 14.5, 
while the traditional section had a mean score of 11. Voting methods was the first 
material covered in the semester. While the sections performed similarly on this topic on 
the first examination, the hybrid section had a stronger performance on this topic on the 
final examination. 
Homework Performance 
For each chapter, homework problems were identified that were identical and had 
been graded with the same rubric and points value. The scores for those specific 
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problems were summed up and compared between the hybrid and traditional section. The 
scores were statistically different between the hybrid and traditional section for some 
chapters (Table 14). 
Table 14. 





Traditional U p 
   Scores, means (s.d.)   
Voting Theory 
Homework 
60  54.2 (5.2) 52.4 (5.7) 163.5 0.223 
Measuring Power 
Homework 
60  55.9 (4.0) 53.8 (3.4) 66 0.061 
Apportionment 
Homework 
40  37.1 (3.1) 34.8 (8.1) 117.5 0.51 
Fair Distribution 
Homework 
32  30.5 (1.5) 27.2 (4.2) 95.5 0.012 
Growth and Finance 
Homework 
28  26.8 (1.1) 25.2 (3.5) 136.0 0.185 
 
Once again the hybrid students outperformed the traditional class on the Fair Distribution 
material, as was seen on the second examination and the final examination. Hybrid 
students also outperformed the traditional students on the Measuring Power homework, 
though this did not translate to higher examination scores on this material. 
Voting theory, which yielded higher scores for the hybrid students on the final 
exam, had comparable homework scores between the hybrid and traditional section. This 
aligned with the performance on this topic on the second examination. Perhaps this was 
not surprising, as both the examinations and homework assignments during the semester 






Homework Completion Rates 
A homework assignment was considered complete if it was submitted in its 
entirety on time (Table 15). Because the traditional section met twice a week, they had 
more frequent, shorter homework assignments for many of the chapters. 
Table 15. 
Homework completion rates for traditional and hybrid sections 
Concept Percent Completed 
 Hybrid Traditional 
Voting Theory Assignments 77%, 96%, 91% 89%, 81%, 93%, 85% 
Measuring Power Assignments 96%, 100%, 91%, 82% 89%, 81%, 52%, 89% 
Apportionment Assignments 91%, 86%, 91% 74%, 78% 
Fair Division Assignments 96%, 77%, 91% 78%, 70%, 70% 
Fair Distribution Assignments 91%, 91% 67%, 78% 
Growth & Finance Assignments 96%, 91%, 86%, 86%, 
59%, 55% 
70%, 78%, 63% 
 
With three exceptions, the completion rate of homework assignments in the hybrid 
section was greater than 82%. With the traditional section, the majority of assignments 
had a completion rate of lower than 82%. In both sections the submission process was the 
same; students uploaded photos of their assignment into Sakai, the classroom 






SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
Summary 
The purpose of this study was to investigate how the hybrid class format affected 
the in-class learning environment as compared to a traditional lecture course. The hybrid 
course format blended traditional in-person learning with online learning; students had 
half the number of face-to-face class meetings and asynchronously watching content-
delivery videos and worked on introductory problems for homework. Both the hybrid and 
traditional format were taught by the same professor. 
This study focused on verbal discourse, and used the Flanders Interaction 
Analysis Categories (FIAC) system, a one-factor category system that focuses on verbal 
interactions as the target behavior, to quantify the verbal discourse in the classroom. 
Seven class meetings of both the hybrid class and traditional class were audiorecorded 
and transcribed. The discourse was analyzed quantitatively and comparisons were made 
between the traditional and hybrid course. The discourse was also examined qualitatively 
using the How People Learn framework for effective learning environments (Bransford, 
2000); the transcripts were analyzed based on the four interdependent aspects of an active 
learning environment: assessment, community, knowledge, and learners.  
Conclusions 
Shifting a course from a traditional lecture format to the hybrid format opened up 
opportunities within the classroom that aligned with the How People Learn perspectives 




Figure 23. Opportunities in the hybrid course mapped onto How People Learn 
perspectives on learning environments (adapted from Bransford, 2000) 
 
Research Question 1 
1. How does the nature of in-person student-to-instructor and student-to-student discourse 
compare between the hybrid versus traditional format of a college mathematics course? 
Many anecdotal reports indicated that the hybrid class format does successfully 
reduce the amount of direct lecturing, and increases the amount of student engagement 
and personalized support (Bergmann & Sams, 2012; Berrett, 2012; Caulfield, 2011; 
Moore et al., 2014); such anecdotal reports had not yet been quantified. This study 
quantitatively determined that there was significantly more student talk in the hybrid 
class than in the traditional class. Not only was there more overall Student Talk in the 
hybrid class, but more of it was Student Talk Initiation, where students were contributing 
their own ideas or approaches.  
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However, the nature of the student discourse indicated that while the students 
were speaking more, the time that hybrid students spent working together in class was 
stopping short of full cooperation. The groups were “Helping Obligatory”, where they 
were performing calculations independently and checking in with each other for 
questions about calculations and work, rather than “Completely Cooperative”. 
While student discourse is mentioned often in the learner-centered portion of the 
How People Learn framework (Bransford, 2000), one way this framework could be more 
robust is to draw a distinction between quantity and quality of discourse. This study 
shows it is possible for students to engage in a much higher quantity of student discourse 
and have much more time for group work in class, yet to remain working independently 
and assisting each other, rather than truly collaborating and reaping the benefits shown to 
occur in that environment. Simply having students sit together and instructing them to 
work together may not produce the benefits of truly collaborative learning, as seen with 
similar performance between the hybrid and traditional class examination performance.  
While hybrid courses have been proposed as a way of increasing student 
engagement in the classroom, often the discussion about this class format lacks an in-
depth insight as to how to create this environment, implying that if the students have time 
for group work, the time will be effective and well-spent. This study illustrates that 
students working ‘together’ does not necessarily create a collaborative learning 
environment, or lead to greater mastery of the material. The quality of the discourse must 
also be taken into account, and the cognitive load of what the students are being asked to 
do needs to be given careful consideration. If the in-class activities are identical to the 
traditional class homework problems, and true collaboration is not built into the structure 
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of the hybrid format, it is possible for a student taking a hybrid course to almost re-create 
the direct lecture experience and miss out on the benefits of the model by watching the 
videos (recreating the traditional format lecture) and working on the in-class problems 
alone (re-creating the traditional format homework). Instead, the in-class scaffolding 
materials are an important component of the hybrid format. Care must be taken to ensure 
that these materials require the students to truly wrestle with the material and attain a 
certain level of mastery and understanding. 
A framework for a hybrid course model should include training for students about 
effective group roles and group work, and professional development for professors to 
foster this environment and creating effective in-class scaffolding materials for students 
to benefit from this environment. The need for professional development for professors 
involved in the hybrid format is underscored by this study showing the professor’s 
discourse profile as a percentage of all professor discourse (rather than class time) was 
very similar in the hybrid and traditional class format. 
In-class scaffolding, the activities that students work on during the class period, 
enormously influence the discussion and thinking among the students. The hybrid section 
of this research study completed the homework problems in class. As noted, students 
stopped short of truly collaborating, and the amount of mastery asked of them was 
identical to the traditional course. This observation aligns with the test scores showing 
nearly equivalent performances in the hybrid and traditional section.  
There is an opportunity for students to truly collaborate and reach a higher level 
of mastery if the scaffolding materials are designed with those goals in mind. Instructors 
seeking to offer their course in the hybrid format, or improve their hybrid course, should 
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pay close attention to the in-class materials that they are providing to the students. While 
there are many resources about creating videos or selecting videos for a hybrid class, 
designing appropriate scaffolding materials is equally important and possibly more 
difficult. Professional development courses that address how to design appropriate 
scaffolding would meet a need, so that hybrid courses could be designed where students 
achieve true collaboration that contributes to effective learning.  
Community 
The hybrid course showed characteristics of community that were not present in 
the traditional lecture class. Students asked each other for their names and contact 
information in the hybrid course; this was not captured in the traditional course. Students 
often asked each other questions, and would provide assistance when asked. Students 
were comfortable making mistakes in front of each other and in front of the professor; 
errors were not seen as a permanent failing on the part of the student, but merely an 
indicator of their thinking that the professor or another student could address.  
Learner centered 
The higher amount of student talk, particularly Student Talk Initiation, in the 
hybrid class reflected that a large component of class time involved students working 
together. Due to this group work, students had the opportunity to use the terminology of 
the subject more often when speaking in class than the students in the traditional lecture. 
In the hybrid class, the professor would distribute problems at the beginning of class that 
the students would work on together. Though all problems were ultimately had to be 
completed, students had the freedom to decide which ones they wanted to work on during 





A knowledge-centered environment involves metacognition, where students 
reflect on their learning. In the hybrid class, students would reflect on their answers as 
they were working in class and discuss them with each other. In addition, the quizzes 
were given at the beginning of the hybrid class, with the solutions displayed right after 
the students turned their quizzes in. Students could self-identify mistakes they had made 
on the quiz and would often discuss it with a classmate. These metacognitive skills were 
not expressed verbally during the traditional lecture course. 
Research Question 2 
2. How does the nature of the in-person direct instruction differ between the hybrid 
course and the traditional course? 
Many anecdotal reports indicated that the hybrid class format reduces the amount 
of direct lecturing (Bergmann & Sams, 2012; Berrett, 2012; Caulfield, 2011; Moore et 
al., 2014). This study confirmed quantitatively there was significantly less professor 
discourse overall. The majority of the professor’s discourse was categorized as Lecturing 
in both the hybrid and traditional format. However, there was significantly less of it in the 
hybrid class than the traditional class; this was true for all seven class meetings. 
Assessment centered 
In an assessment-centered environment, formative assessments occur frequently 
in order to provide students with feedback, and the professor tailors instruction based on 
formative assessments results. Because course content was disseminated outside of the 
classroom, the hybrid course had formative assessment homework assignments that the 
traditional could not have: the just-in-time homework assignments due the night before 
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class based on new material. The professor would read them over before class, and used 
the results to tailor his instruction. Though both the traditional and hybrid course had 
similar numbers of homework assignments, the homework completion rates were higher 
with the hybrid course. 
Learner centered 
The professor facilitated students learning by understanding where they were and 
guiding them to the next step; students had the opportunity to receive personal feedback 
during every class meeting. When students did have a question for the professor, they 
were able to ask him with minimal waiting. 
Research Question 3 
3. How does the level of mastery on homework and examination questions compare 
between the hybrid course and the traditional course? 
 There were no examination questions or homework questions where the 
traditional course outperformed the hybrid course. While the overall examination scores 
were similar, out of thirty questions there were three questions where the hybrid students 
earned higher scores: on the Fair Distribution question on the second examination, the 
Fair Distribution question on the final examination, and the Voting Theory question on 
the final examination. The hybrid students outscoring the traditional students on the Fair 
Distribution material was also seen on the homework scores; Fair Distribution was one of 
two chapters where the hybrid students earned higher homework scores than the 
traditional students. The other chapter where the hybrid students outscored the traditional 
format students was Measuring Power. 
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 This study determined that the hybrid class format had less direct instruction than 
the traditional course. A higher percentage of student talk, and a lower percentage of 
professor talk, was measured in the hybrid course; these results were statistically 
significant. This study is unique is quantifying the amount of discourse for comparison 
between the hybrid format and traditional lecture format. In addition, the in-person 
learning environment, rather than just learner outcomes, of the hybrid course was 
compared to the traditional format. These findings imply that shifting the content 
dissemination outside of the classroom can have an effect on the in-person learning 
environment. This work has identified opportunities within the hybrid format that align 
this course format well with the How People Learn perspectives on learning 
environments.  
Limitations 
This research, involving one hybrid course section and one traditional course 
section, was limited in scope. In addition, the same professor taught both courses. While 
this reduced certain variables, there was the possibility of professor bias influencing the 
results. The professor involved had advocated for introducing a hybrid format of the 
course; it is possible a professor teaching a hybrid format who was only doing so because 
he or she had been instructed to do so would not have achieved the difference in 
discourse that was seen in this study. The researcher was the only coder working with the 







 Educators interested in reducing the amount of direct lecturing in their classroom 
should be aware of how the hybrid format can affect the in-person learning environment. 
The literature indicates a reduction in direct instruction with the hybrid format; this study 
quantified this effect. In addition, the benefits of moving the course content dissemination 
outside of the classroom opens up opportunities including more formative assessment and 
the opportunity to tailor instruction based on these assessments, having students work 
together and use the terminology of the discipline, having the students get to know each 
other in class, and the ability to provide personal guidance to the students. It is worth 
noting that the hybrid format required a higher level of content mastery on the part of the 
professor; rather than delivering a planned-in-advance direct lecture, he would address 
individual questions and help guide students based on their current level of 
understanding, which he had to assess quickly by looking at their work.   
A future study where the hybrid section students first received training on 
effective group work would be a natural next step. Having students develop and fill out 
group contracts, be aware of the different roles within a group, and discuss how their 
particular group performed that day can help students reach a level of true collaboration. 
The professor receiving professional development on creating and overseeing effective 
collaborative groups would help the classroom environment. 
In addition, there is a need for the professor teaching a hybrid class for the first 
time to receive training on creating effective in-class scaffolding activities. Though there 
are many resources and support for creating the videos, because it is inherently assumed 
that most instructors do not have video-making expertise, it is also true that an instructor 
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who has always taught in the lecture format probably does not have much experience 
creating effecting in-class scaffolding activities. Understanding how to design the in-class 
activities to foster a deeper level of thinking is essential. These activities can then push 
the students to reach higher levels on Bloom’s taxonomy, a framework for categorizing 
educational goals that starts with students remembering and recalling information and 
builds up to the “create” level (Sousa, 2011). Future studies could determine if this type 
of training and professional development for faculty led to more in-person collaboration 
and better mastery of the content. 
 In addition, a larger study comparing in-person classroom discourse with multiple 
instructors teaching hybrid and traditional classes would determine if the discourse 
results seen in this study are consistent across multiple professors. Several aspects of the 
in-person learning environment could also be studied on a deeper level. Verbal discourse 
of groups in the same hybrid section could be compared to determine the level of 
cooperation between the students as well as the depth and rigor of conversation – if the 
students are merely checking that they used the right number in a calculation for 
example, or if they are having a much deeper conversation such as why a specific number 
is used and what it represents. This could help determine if and why some groups have a 
deeper level of cooperation and collaboration than others, and what scaffolding can help a 
group achieve a higher level of mastery and understanding. 
This study focused on the in-person learning environment. As active learning 
becomes more common, some universities are designing classrooms specifically to 
promote collaboration. These rooms’ features often include circular tables for the 
students to sit at and a central location, rather than the front of the room, for the 
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professor. Determining how room design affects the in-person learning environment of a 
hybrid course would offer insight of a still-evolving class format. 
Technology continues to expand the possibilities of teaching and learning outside 
the classroom. The hybrid model allows the professor to reduce the amount of direct 
instruction while still guiding the students’ learning in person. For the students to reap 
benefits from the model, it is important that the professor have adequate support and 
training to implement both the video portion and the in-class scaffolding activities of the 
course. By doing this, the in-class meeting time can facilitate very rich discourse between 






Allen, I. E., & Seaman, J. (2008). Staying the Course: Online Education in the United 
States, 2008. Sloan Consortium. PO Box 1238, Newburyport, MA 01950. 
Amidon, E. J., & Amidon, P. (1967). Interaction Analysis Training Kits – Levels I and II. 
Minneapolis, MN: Association for Productive Teaching. 
Amidon, E. J., & Flanders, N. A. (1971). The role of the teacher in the classroom: A 
manual for understanding and improving teacher classroom behavior (Rev. ed.). 
Minneapolis: Association for Productive Teaching. 
Amidon, E. J., & Hough, J. B. (1967). Interaction analysis: Theory, research, and  
application. Reading, Mass.: Addison-Wesley Pub. Co. 
Allen, I. E., & Seaman, J. (2006). Growing by degrees: Online education in the United  
States, 2005. Sloan Consortium (NJ1), 1–32. Retrieved from 
http://files.eric.ed.gov/fulltext/ED530063.pdf 
Bell, A. (1993). Some Experiments in Diagnostic Teaching. Educational Studies in  
Mathematics, 24(1), 115-137. 
Bergmann, J., & Sams, A. (2012). Flip Your Classroom : Reach Every Student in Every  
Class Every Day. Eugene. 
Bergsten, C. (2007). Investigating quality of undergraduate mathematics lectures.  
Mathematics Education Research Journal, 19(3), 48-72. 
Berrett, D. (2012). How “Flipping” the Classroom Can Improve the Traditional Lecture.  




Bonk, C. J., & Graham, C. R. (2012). The handbook of blended learning: Global  
perspectives, local designs. John Wiley & Sons. 
Bonwell, C. C., & Eison, J. A. (1991). Active Learning; Creating Excitement in the  
Classroom. Washington, D.C.: The George Washington University, School of  
Education and Human Development. 
Boyan, N. L., & Copeland, W. D. (1978). Instructional supervision training program.  
Columbus, OH: Charles E. Merrill Publishing Company. 
Bransford, J. D., Brown, A. L., & Cocking, R. R. (2000). How people learn. National  
Academy Press, Washington DC. 
Cashin, W. E. (1985). Improving lectures. Kansas State University. 
Caulfield, J. (2011). How to Design and Teach a Hybrid Course : Achieving Student- 
Centered Learning Through Blended Classroom, Online and Experiential  
Activities. Sterling, VA: Stylus Publishing. 
Chiu, M. M. (2000). Group Problem‐Solving Processes: Social Interactions and  
Individual Actions. Journal for the theory of social behaviour, 30(1), 26-49. 
Cobb, P., Yackel, E., & Wood, T. (1992). A Constructivist Alternative to the  
Representational View of Mind in Mathematics Education. Journal for Research  
in Mathematics Education, 23(1), 2-33. doi:10.2307/749161 
Crouch, C. H., & Mazur, E. (2001). Peer instruction: Ten years of experience and results.  
American journal of physics, 69(9), 970-977. 
Cubberley, E. P. (2012). Public education in the United States. Rarebooksclub Com. 
Day, J. A., & Foley, J. D. (2006). Evaluating a web lecture intervention in a human– 
computer interaction course. IEEE Transactions on education, 49(4), 420-431. 
91 
 
Dillenbourg, P. (1999). Collaborative Learning: Cognitive and Computational  
Approaches. Advances in Learning and Instruction Series. Elsevier Science, Inc.,  
PO Box 945, Madison Square Station, New York, NY 10160-0757. 
Doyle, T. (2008). Helping students learn in a learner-centered environment: A guide to  
facilitating learning in higher education. Stylus Publishing, LLC.) 
Driscoll, M. (2002). Blended learning: Let’s get beyond the hype. E-Learning, 54.  
Retrieved from http://www-07.ibm.com/services/pdf/blended_learning.pdf 
El Mansour, B., & Mupinga, D. M. (2007). Students’ positive and negative experiences  
in hybrid and online classes. College Student Journal, 41(1), 242. 
Elliott, D. L., & Woodward, A. (Eds.). (1990). Textbooks and schooling in the United  
States (Vol. 89). NSSE. 
Flanders, N. A. (1970). Analyzing teaching behavior. Reading, MA:  
Addison-Wesley Publishing Company. 
Foertsch, J., Moses, G., Strikwerda, J., & Litzkow, M. (2002). Reversing the Lecture /  
Homework Paradigm Using eTEACH Web-based. Journal of Engineering  
Education, 91(July), 267–274. 
Freeman, S., Eddy, S. L., McDonough, M., Smith, M. K., Okoroafor, N., Jordt, H., &  
Wenderoth, M. P. (2014). Active learning increases student performance in 
science, engineering, and mathematics. Proceedings of the National Academy of 
Sciences of the United States of America, 111(23), 8410–5. 
http://doi.org/10.1073/pnas.1319030111 
Garland, C., & Shippy, V. (1995). Guiding clinical experiences: Effective supervision in  
teacher education. Greenwood Publishing Group. 
92 
 
Graham, C. R. (2006). Blended Learning Systems. In C. Bonk & C. Graham (Eds.), The  
handbook of blended learning: Global perspectives, local designs. Pfeiffer. 
Hake, R. R. (1998). Interactive-engagement versus traditional methods: A six-thousand  
student survey of mechanics test data for introductory physics courses. American  
Journal of Physics, 66(1), 64-74 
Handelsman, J., Ebert-May, D., Beichner, R., Bruns, P., Chang, A., DeHaan, R., Wood,  
W. (2004). Scientific Teaching. Science, 304(5670), 521-522. Retrieved from  
http://www.jstor.org/stable/3836701 
Harasim, L. (1996). Online education. In Computer networking and scholarly  
communication in the twenty-first-century university (pp. 203–214). 
Johnson, C. (1904). Old-time Schools and School-books. Macmillan. 
Lever-Duffy, J. C. (1991). Distance Learning: An Alternative Approach to Education in  
the Information Age. 
Louis, W. R. (2013). History of Oxford University Press: Volume II: 1780 to 1896 (Vol.  
3). Oxford University Press. 
Lyon, H. C. J., Holzer, M., Reincke, M., Brendel, T., Ring, J., Weindl, A., Zottmann, J., 
Fischer, M. R. (2014). Improvements in teaching behavior at two German medical 
schools resulting from a modified Flanders interaction analysis feedback 
intervention process. Medical Teacher, 36(10), 903–911. 
http://doi.org/http://dx.doi.org/10.3109/0142159X.2014.917157 
McCray, G. E. (2000). The hybrid course: Merging on-line instruction and the traditional  
classroom. Information Technology and Management, 1(4), 307–327. 
McKenna, M. C., & Robinson, R. D. (1990). Content literacy: A definition and  
93 
 
implications. Journal of Reading, 34(3), 184-186. 
McKinley, J. (1983). Training for effective collaborative learning. New Directions for  
Adult and Continuing Education, 1983(19), 13-22. 
Millis, B. (Ed.). (2010). New Pedagogies and Practices for Teaching in Higher  
Education : Cooperative Learning in Higher Education : Across the Disciplines,  
Across the Academy. Sterling, VA, USA: Stylus Publishing. 
Moore, A. J., Gillett, M. R., & Steele, M. D. (2014). Fostering Student Engagement with  
the Flip. Mathematics Teacher, 107(6), 420–425.  
Natriello, G. (2005). Modest Changes, Revolutionary Possibilities: Distance Learning  
and the Future of Education. Teachers College Record, 107(8), 1885-1904. 
Natriello, G. (2007). Imagining, seeking, inventing: the future of learning and the  
emerging discovery networks. Learning Inquiry, 1(1), 7-18. 
Nicol, D., Minty, I., & Sinclair, C. (2003). The social dimensions of online learning.  
Innovations in education and Teaching International, 40(3), 270-280. 
Osguthorpe, R. T., & Graham, C. R. (n.d.). Blended Learning Environments. 
Picciano, A. G., Dziuban, C. D., & Graham, C. R. (2013). Blended learning: Research  
perspectives (Vol. 2). Routledge. 
Prince, M. (2004). Does Active Learning Work ? A Review of the Research, (July). 
Quint, C. L. (2015). A study of the efficacy of the flipped classroom model in a university  
mathematics class (Doctoral dissertation, Teachers College, Columbia 
University). 
Reasons, S. (2005). Questioning the hybrid model: Student outcomes in different course  




Riffell, S., & Sibley, D. (2005). Using web-based instruction to improve large  
undergraduate biology courses: An evaluation of a hybrid course format.  
Computers and Education, 44(3), 217–235. 
http://doi.org/10.1016/j.compedu.2004.01.005 
Rosenshine, B. (1970). Evaluation of Classroom Instruction. Review of Educational  
Research, 40(2), 279–300. 
Schoenfeld, A. H. (2014). What makes for powerful classrooms, and how can we support  
teachers in creating them? A story of research and practice, productively  
intertwined. Educational Researcher, 43(8), 404-412. 
Schoenfeld, A. H. (2013). Classroom observations in theory and practice. ZDM, the  
International Journal of Mathematics Education, 45, 607–621. 
Schoenfeld, A. H., & Floden, R. E., & the Algebra Teaching Study and Mathematics  
Assessment Project. (2014). An introduction to the TRU Math dimensions.  
Berkeley: Graduate School of Education, University of California, Berkeley/East  
Lansing, MI: College of Education, Michigan State University. Retrieved from  
http://ats.berkeley.edu/tools.html 
Sfard, A. (1998). On Two Metaphors for Learning and the Dangers of Choosing Just  
One. Educational Researcher, 27(2), 4-13. Retrieved from 
http://www.jstor.org/stable/1176193 
Smith, M. K., Wood, W. B., Adams, W. K., Wieman, C., Knight, J. K., Guild, N., Jan,  




Sousa, D. A. (2011). How the brain learns. Corwin Press. 
 
Springer, L., Stanne, M., & Donovan, S. (1999). Effects of Small-Group Learning on  
Undergraduates in Science, Mathematics, Engineering, and Technology: A Meta- 
Analysis. Review of Educational Research, 69(1), 21-51.  
Stodolsky, S. S. (1984). Frameworks for studying instructional processes in peer work 
groups. In P.L. Peterson, L.C. Wilkinson, & M. Hallinan (Eds.) The social context  
of instruction: Group organization and group processes. New York: Academic. 
Topping, K., & Ehly, S. (Eds.). (1998). Peer-assisted learning. Routledge. 
Tucker, B. (2012). The flipped classroom. Education next, 12(1). 
 
Tuckman, B. W. (2002). Evaluating ADAPT: a hybrid instructional model combining  
Web-based and classroom components. Computers & Education, 39(3), 261–269.  
http://doi.org/10.1016/S0360-1315(02)00045-3 
Tudge, J., & Rogoff, B. (1999). Peer influences on cognitive development: Piagetian and  
Vygotskian perspectives (Lev Vygots). 
U.S. Department of Education, National Center for Education Statistics, The Condition of  
Education 2001, NCES 2001–072, Washington, DC: U.S. Government Printing  
Office, 2001. 
Withall, J. (1972). Research in Systematic Observation in the Classroom and Its  
Relevance to Teachers. Journal of Teacher Education, 23(3), 330–332. 
http://doi.org/10.1177/002248717202300313 
Wragg, T. (2013). An Introduction to Classroom Observation (Classic Ed). Routledge. 
Young, J. R. (2002). Hybrid teaching seeks to end the divide between traditional and  




Teachers College IRB Approval Letter 
 
